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The Mathews Modernized Hydrant 
Supplies the 4 Fundamental 
Requirements for 
Effective Community Protection 


and many other quality features, too 


@ Replaceable barrel for maximum effi- 
ciency—quickly replaced in case of 
accident without excavating 


@ Head revolves 360°; simply loosen bolts 
and rotate 


@ Stuffing box plate cast integrally with 
nozzle section—eliminates extra part 
and provides positive, leakproof con- 
struction 


@ Operating thread, protected by stuffing 
box plate, operates free of rust, sedi- 
ment and ice 


Also... Nozzle sections supplied with hose 
or pumper outlets as specified « Operating 
thread cannot be bent - Compression-type 
main valve prevents broken Mathews from 
leaking » Nozzle level can be raised or 
lowered without excavating « Bell, mechan- 
ical-joint, or fiange-type pipe connections 
e Conventional or ‘‘O” ring packings 


Made by 


R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, 
Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in sand molds) and R. D. Wood Gate Valves 
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When the 
log jam breaks... 


Thousands of tons of timber will be unleashed on the waters of the river. 
Similarly, our explosive surge of population is bearing down on already 
overburdened water works facilities in many communities. 


New pépelines are essential; but only pipe of sustained high carrying capac- } 
ity can meet greater demands with constant, predictable volume. That’s why 
efficiency and economy dictate the use of LOCK JOINT CONCRETE 
PRESSURE PIPE for water supply and distribution lines. Its first low cost, 
ease of installation, long life, negligible maintenance and permanent high 
carrying Capacity represent immediate and long term economies. 


To bolster your water system against the shock of 
our yearly 3,000,000 increase in population, spec 
ify LOCK JOINT CONCRETE PRESSURE 
PIPE for complete dependability and over-all 
economy. 


LOCK JOINT PIPE Co. 


East Orange, New Jersey 


Sales Offices: Chicago, Ill. - Columbia, S. C.-Denver, Col. + Detroit, Mich. + Hartford, Conn. « Kansas City, Mo. » Perryman, Md. 
Pressure Water Sewer ReINe Te pire Culvert - Subaqueous 
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FEEDING © 
SODA ASH? 


DRY? LIQUID? 
BY WEIGHT? 
BY VOLUME? 


BELT 


UNIVERSAL 


VOLUMETRIC 
DISC 


VOLUMETRIC 


The Omega line of dependable SODA 
ASH FEEDERS is the most com- 
plete offered today. Select the exact 
feeder for your needs by drawing from 
the experience and equipment knowl- 


JOURNAL 


GRAVIMETRIC 
(Weighing) 


AWWA 


BELT 
GRAVIMETRIC 
(Weighing) 


L-l-W GRAVIMETRIC 
(Weighing) 


ROTODIP 
VOLUMETRIC 


ROTOLOCK 
VOLUMETRIC 


ONE RESPONSIBILITY policy. 
B-I-F also supplies auxiliary equip- 
ment and instrumentation: totalizers. 
master control panels, remote controls, 
pacing systems, alarms, batch coun- 


edge behind B-I-F’s ONE SOURCE- ters, etc. 


CLASS OF 
FEEDER MIN. MAK 


MODEL 30-1 
LOSS-IN-WEIGHT 


GRAVIMETRIC (WEIGHING) ¥ to 50 Ibs. /hr 7.5 to 750 Ibs. /hr 
ORY FEEDERS 
MODEL 50-8 
Required for Precision BELT 
Automation and 
Instrumentation 


2 to 200 ibs. /hr 25 to 2,500 Ibs. /hr 


MODEL 37-20 
BELT 


6 to 600 Ibs. /hr 100 to 10,000 Ibs. /hr 


~ 1% by volume 


3% by weight 2 to 40s. 


25 to 5 ibs. /he 


VOLUMETRIC 

ORY FEEDERS 
For Limited Automation 
But No Instrumentation 


~ 1% by volume 


5% by weight 5 to 200 Ibs. /he 


5 to 20 Ibs. /hr 


= 1% by volume 


5% by weight 50 to 5,000 Ibs. /hr 


15 to 150 Ibs. /hr 


5 to 200 gal. /hr 18 to 1,800 gal. /hr 65-H12B 


rene the bulletins you want from table above. 
B-I-F Industries, Inc., Department U, 365 
Harris Ave., Providence 1, R. I. 


B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE + PROPORTIONEERS + OMEGA 


VOLUMETRIC SOLUTION 
OR SLURRY FEEDER 
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COMING MEETINGS 


Vol. 51, No.1 


Plan now for 
AWWA ANNUAL CONFERENCE 


San Francisco, Calif. 


Jul. 12-17, 1959 


Coming Meetings 


AWWA SECTIONS 
Winter-Spring 1959 


Jan. 27—New York Section, Mid- 
winter Luncheon Meeting, at Park 
Sheraton Hotel, New York. Secre- 
tary, Kimball Blanchard, 2222 Jackson 
Ave., Long Island City 1. 


Feb. 4—6—Indiana Section, at Sher- 
aton-French Lick Hotel, French Lick. 
Secretary, Chester H. Canham, State 
Board of Health, 1330 W. Michigan 
St., Indianapolis 7. 


Mar. 11-13—Illinois Section, at 
Morrison Hotel, Chicago. Secretary, 
Dewey W. Johnson, Research Engr., 
Cast Iron Pipe Research Assn., 3440 
Prudential Plaza, Chicago 1. 


Mar. 19—New England Section, at 
Statler Hotel, Boston, Mass. Secre- 
tary, J. E. Revelle, Dist. Sales Mgr., 
Chicago Bridge & Iron Co., 201 Dev- 
onshire St., Boston 10, Mass. 


Apr. 5—8—Southeastern Section, at 
Wade Hampton Hotel, Columbia, S.C. 
Secretary, N. M. deJarnette, Engr., 
Water Quality Div., State Dept. of 
Public Health, 309 State Office Bldg., 
Atlanta 3, Ga. 


Apr. 8-10—New York Section, at 
Powers Hotel, Rochester. Secretary, 
Kimball Blanchard, New York Branch 
Sales Office, Neptune Meter Co., 2222 
Jackson Ave., Long Island City 1. 


Apr. 9-11—Montana Section, at 
Jordan Hotel, Glendive. Secretary, 
Arthur W. Clarkson, Asst. Director, 
Div. of Environmental Sanitation, 
State Board of Health, Helena. 


Apr. 15-17—Nebraska Section, at 
Cornhusker Hotel, Lincoln. Secretary, 
Rupert C. Ott Jr., Repr., Neptune Me- 
ter Co., 2818—21st St., Columbus. 


Apr. 16-18—Arizona Section, at 
Hi-Way House Hotel, Phoenix. Sec- 
retary, Stanford I. Roth, Supvr. of 
Water Collections, Div. of Water & 
Sewers, Phoenix. 


Apr. 22-24—Kansas Section, at 
Besse Hotel, Pittsburg. Secretary, 
Harry W. Badley, Repr., Neptune Me- 
ter Co., 119 W. Cloud, Salina. 


Apr. 23-25—Pacific Northwest Sec- 
tion, at Vancouver Hotel, Vancouver, 
B.C. Secretary, Fred D. Jones, W. 
2108 Maxwell Ave., Spokane 11, Wash. 


(Continued on page 8) 
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Here is why farsighted city officials : 


I FAST WATER 

Opens fast, with the pressure. 

Closes slowly, without water 

hammer. Sticks, stones or 7 

foreign matter cannot become | Bp 2 FULL FLOW 

lodged between the valve Re . When hydrant is fully opened, 

and valve seat. F ‘ valve and stem are entirely 
clear of the waterway. 
This permits free and 
unobstructed flow of water. 


CLOSED 


internal working parts 
AND VALVES Ah are attached to the valve 
meet all A.W.W.A. specifications : , stem, which is easily lifted 
; out when dome and head 
are removed. Common wrench 
and screwdriver only tools 
required. No special tools 
are needed. 


idi¢ of James B. Clow & 
Oskaloosa, lowa 


P&R 7 
install fire hydrants 
i j 
ee & Let us send you details on lowa's complete line of valves and hydrants 9 ‘wa 
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Coming Meetings 


May 3-6—Canadian Section, at 
Queen Elizabeth Hotel, Montreal, 
Que. Secretary, A. E. Berry, Gen. 
Mgr. & Chief Engr., Ontario Water 
Resources Com., Parliament Bldgs., 
Toronto, Ont. 


Jun. 3-5—Pennsylvania Section, at 
Salem House, Wernersville. Secre- 
tary, L. S. Morgan, Chief, Mine Drain- 
age Sec., 413 First National Bank 
Bldg., Greensburg. 


Fall 1959 
Sep. 9-11—Wisconsin Sec., Milwaukee. 


Sep. 14-16—Kentucky-Tennessee Sec., 
Lexington, Ky. 

Sep. 16-18—New York Sec., Upper Sara- 
nac Lake. 

Sep. 23-25—Michigan Sec., Saginaw. 

Sep. 27-29—Missouri Sec., Kansas City. 

Oct. 7-9—Chesapeake Sec. 

Oct. 14-16—Iowa Sec., Des Moines. 

Oct. 18-21—Alabama-Mississippi 
New Orleans, La. 

Oct. 18-21—Southwest Sec., 
leans, La. 

Oct. 22-24—New Jersey Sec., Atlantic 
City. 

Oct. 28-29—West Virginia Sec., Parkers- 
burg. 

Oct. 28-30—Ohio Sec., Dayton. 

Oct. 30—California Sec., Bakersfield. 

Nov. 4-6—Virginia Sec., Roanoke. 

Nov. 9-11—North Carolina Sec., 
ham. 

Nov. 15-19-—Florida Sec., Tampa. 


OTHER ORGANIZATIONS 


Jan. 19-23—American Institute of Elec- 
trical Engineers, New York, N.Y. 


Jan. 26-28—Seminar on _ Radiological 
Health, sponsored by Univ. of North 
Carolina and North Carolina Board of 
Health, at Chapel Hill, N.C. Write: 
Prof. E, T. Chanlett, Dept. of Sanitary 


Sec.., 


New Or- 


Dur- 


(Continued from page 6) 


Engineering, School of Public Health, 
Univ. of North Carolina, Chapel Hill, 
N.C. 


Feb. 15-19—American Institute of Min- 
ing, Metallurgical & Petroleum Engi- 
neers, San Francisco, Calif. 


Mar. 1-6—Texas Water & Sewage Works 
Assn. Short School, Texas A&M Col- 
lege, College Sta., Tex. 


Mar. 2-13—Short courses on ‘Water 
Quality Management—Sanitary Engi- 
neering Aspects” and “Basic Radio- 
logical Health,” R. A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio. 
Apply to USPHS regional office di- 
rector or to Chief, Training Program, 
R. A. Taft Sanitary Engineering Cen- 
ter, 4676 Columbia Pkwy., Cincinnati 
26, Ohio. 


Mar. 16—25—-Short course on “Environ- 
mental Health Aspects of Nuclear Re- 
actor Operations,” R. A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio. 
Apply as above. 


Mar. 16-20—National Assn. of Corrosion 
Engineers, Sherman Hotel, Chicago, 
Ill. 


Mar. 16-20—Western Metal Exposition 
& Congress, sponsored by American 
Society for Metals and other technical 
groups, Pan-Pacific Auditorium and 
Ambassador Hotel, Los Angeles, Calif. 
Write: Ray T. Bayless, Asst. Secy., 
7301 Euclid Ave., Cleveland 3, Ohio. 


Apr. 5-10—5th Nuclear Congress, Pub- 
lic Auditorium, Cleveland, Ohio, includ- 
ing Nuclear Engineering & Science 
Conference, sponsored by AWWA and 
other societies; Atomic Energy Man- 
agement Conference, sponsored by 
Atomic Industrial Forum and National 
Industrial Conference Board; Hot Lab- 
oratories & Equipment Conference; and 
Atomfair, sponsored by Atomic Indus- 
trial Forum. Write: T. A. Marshall 
Jr., Mgr., 1959 Nuclear Congress, c/o 
Engineers Joint Council, 29 W. 39th 
St., New York 18, N.Y. 
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Minimum laying length and clearance 
required — easy to install 


No stuffing boxes Clean-out and inspection 
— only moving part cover easy to remove 


is modulator 


Entire controller 
as one unit 


Actuator mounts 
directly on controller 


Air failure 
safety release 


COMPARE and see how new Modulair’ 
Flow Controller makes this design obsolete 


best of all... 
Simplex Modulair saves you money three ways 


During 6 years of extensive use, the Modulair Rate of Flow Controller has proved 
time and time again that it can save money three woys: 


. Its unit construction makes it your best buy on a first cost basis. 

. You save installation time and money. Modulair is as easy to install as a piece 
of pipe. 

. Maintenance is practically nil, because of Modulair's exceptionally simple design. 


If all this interests you, write for our Bulletin 951. 


IMPLEX 


VALVE AND METER COMPANY 


LANCASTER, PENNSYLVANIA 
a subsidiary of PFAUDLER PERMUTIT INC. 


Tight closing ( 
| 

All piping pre-installed at factory )) 
ae iON 
| 
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Add to these benefits of 


Cyanamid Alum 


e@ Maximum adsorption of suspended and colloidal 
impurities 

e Forms floc rapicdly—coagulates in wide pH range 

e@ Uniform feed—and a purity that minimizes equip- 
ment corrosion 


The extra advantages of 


Liquid Alum 


e@ Easy unloading—no bags—compact storage—and 
turn-of-the-valve handling 


e@ Consistent concentration that permits automatic 
metering, accurate gauging 


Cleaner—more efficient operation—greater flexi- 
bility with less man power 


@ Quick pay-off on dry-to-liquid conversion because 
of lower costs. 

...and let Cyanamid help you with technical service based 

on long experience with , and liquid alum installations. 

Product service from 9 shipping points, in bags, tank cars 

or tank trucks. 


— CYANAMID 
AMERICAN CYANAMID COMPANY 


Process Chemicals Department 
30 ROCKEFELLER PLAZA, NEW YORK 20, NEW YORK 
In Canada: Cyanamid of Canada Limited, Montreal and Toronto 


Py 
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with hundreds of communities heard from. 
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CAST IRON PIPE WINS THE VOTE 


Recently a questionnaire was 
mailed to water utility man- 
agers all over the U.S. One ques- 
tion asked was: What kind of 
pipe do you prefer and why? 
With 42 states heard from, the 
vote is overwhelmingly in favor 
of cast iron! Here are typical 
comments: 


“1. Cast iron pipe is permanent— 
long life. 2. Lined pipe cuts down 
complaints of ‘red’ or ‘rusty’ water. 
3. Mechanical joints are time and 
labor-saving over other types of 
joints, and are more flexible.” 


—lowa 


“Long life has been proven. I have 
personally observed pieces cut out 
of existing systems which were laid 
prior to the turn of the century. 
Such observations indicated the 
pipe to be as good as the day it 


was laid.” 
— Kansas 


“Cast iron pipe has been in use for 200 
years, and the record speaks for itself. 
All the other types have their use, but 
we would not recommend them in a 
well-built, expanding water works dis- 
tribution system or large transmission 
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HANDS DOWN! 


“‘We are located in a limestone 
area. We find cast iron pipe will 
absorb more rock damage than any 
other pipe. We also use cement 
lined pipe to overcome our corro- 
sion condition which exists in our 
water.” 


“It is very easy and fast to lay, and 
you can swing the joint enough in 
places where you can save time and 


— Pennsyivania 
money. 


— New Jersey 
THREE REASONS WHY 
CAST IRON PIPE IS AMERICA’S 
GREATEST WATER CARRIER: 


1. More miles of underground cast 

iron water mains are now in use 
than of all other kinds of pipe 
combined. 
More miles of cast iron water 
mains are now being purchased 
and laid than of any other kind 
of pipe. 

. Impartial surveys prove that 
today’s water utility officials and 
consulting engineers prefer cast 
iron pipe for underground water 
distribution by an overwhelming 
majority. 

... good reasons for you to choose 


CAST IRON PIPE 
Cast Iron Pipe Research Association 

Thos. F. Wolfe, Managing Director 

3440 Prudential Plaza, Chicago 1, Ill. 
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in 1959 ...to STANDARDIZE on 


almet 


All-bronze Frost-Proof 
Water Meters 


because... CALMET’S 
exclusive Frost-Proof Bolts 
protect Calmet Meters... 
: [ even in the hardest freeze. If 

I = the water freezes, the shear 
; pins allow the all-bronze 
; split case to separate, protect- 


ing both the case and internal 
working parts. In repairing 
a frozen CALMET, only new 
shear pins are required. 
EXCLUSIVE with CALMET. 


WORTHINGTON CORPORATION 
CALMET METER DIVISION 


2301 SO. MAIN * FORT WORTH, TEXAS 


14 PER LL 
| 
= 


Jan. 1959 JOURNAL AWWA 


ASK THE MAN WHO USES i TH 


what’s best for CHLORINATING new mains 


He knows dependability, convenience and 

economy are the three reasons why HTH Tablets 

are the modern, preferred way to chlorinate 

new mains. Containing 70% available chlorine, ae 


they assure quick elimination of bacteria, 


‘ HTH TABLETS 
fungi and algae. 


are packed in 
HTH Tablets are easy to use— you simply ‘WH 100-Ib. steel drums 
attach them to the inside top of every pipe. ary Tig and in ceses of 
e 


When the pipe is filled with water, the chlorine 
is carried to all interior surfaces of the pipe. 
Because the tablets are slow dissolving, 

they provide a long-lasting chlorine residual 
throughout the pipeline, assuring 

complete chlorination. 


For further information on this proved 
chlorination method, write today. 


— Sa twelve 3%-Ib. cans. 


For your protection, 
every genuine 

HTH TABLET is 
stamped HTH. 
OLIN MATHIESON HTH® is o trademark 


CHEMICAL CORPORATION 


CHEMICALS DIVISION ° BALTIMORE 3, MD. 


j 
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YOU'RE ON 


EASY STREE 


With Water Distribution Lines of 
Dependable Concrete Cylinder Pressure Pipe 


| 
3 
| f 


Concrete Cylinder Pressure Pipe has 
an unexcelled record for complete 
reliability. It is your community's best 
protection against the costly damage 
claims that can result from water line 
failure. It is also insurance against the 
expense and problems usually con- 
nected with the repair of water lines 


WATER 


FOR GENER 


particularly in congested locations. 

Further, Concrete Cylinder Pressure 
Pipe can be simply and efficiently 
tapped under pressure. This makes it 
easy to establish either service connec- 
tions for an expanding community or 
cross connections with other lines in 
your water distribution system. 


ATIiOns 


AMERICAN CONCREVE 
PRESSURE PIPE ASSOCIATION 


226 North LaSalle Street 


- 


4 
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“WEDGE-LOCK” DESIGN 


of Rockwell Butterfly Valves 
means “Drop-Tight” Closure 


This ‘Rockwell “ex- 
clusive’’ meets and 
exceeds the most 
rigorous AWWA 
butterfly valve speci- 

fications for tight 

closure and trouble- 
free service. 


In the valve’s most vital part—the valve 
seat—the stainless steel edged disc seats 
tightly against the crowned, abrasion- 
resistant surface of the multi-ply rubber 
seat. The seat insert is secured to the 
valve body by serrated contact with the 
; retainer segments. The entire seat can be 
a conveniently removed and replaced at 
site of installation. 


Rockwell AWWA Butterfly Valves assure 
positive control, minimum restriction of 
flow, minimum pressure drop and lower 
maintenance. They require less installa- 
tion space. Valves are made in full range 
of sizes, with manual control, cylinder or 
motor operator. 


Many leading water service installations 
are now Rockwell-equipped. The reason 
is obvious. Bulletin 581 tells why. 


W.S.ROCKWELL COMPANY 


2608 ELIOT STREET * FAIRFIELD, CONN. 


Stainless Steel Edge Crowned Gum Rubber 
| Soft Gum Rubber Core 
Canvas Duck inside 
Valve Body Rubber Covering | Serrated Contact ] : 
» 
‘7 
: 
Fic 


WHICH SIZE WILL SOLVE YOUR PRESSURE PROBLEMS? 


Satisfactory water pressure through suitable storage facilities can be accomplished 
economically by calling on Graver. Graver fabricates and erects all sizes of elevated 
water tanks—in standard sizes ranging from 25,000 to 3,000,000 gallons—in 
special designs to fulfill unusual needs. Should a standpipe, a steel reservoir or a 
pump suction tank best solve your problem, Graver builds these, too. It pays to 


call on Graver’s versatile craftsmanship! GRAVER TANK & MFG.CO.,[NC. 


New York « Philadelphia « Edge Moor, Del. « EAST CHICAGO INDIANA 
Pittsburgh « Atlanta + Detroit +» Chicago « Tulsa + Sand Springs, Okla. 
Houston NewOrleans Los Angeles Sanfrancisco Fontana, Calif. 


é 
’ 
| 
; N 
— 
\ 
\ 
i 
: 
| 
wip 
i 


20 P&R JOURNAL AWWA Vol. 51, No.1 


For The Best connection You'll Ever Make_ 


The ALTITE JOINT has been subjected to a 
series of rigid tests much more severe than are 
- encountered under the most extreme installa- 
tion and service conditions in the field. Even 


Insert Rubber gasket in 
under extreme conditions, this joint is so bell end of pipe — you 


can't put it in wrong — A 


simple to install—you could hardly go wrong yop 


if yor tried. 


= 
4 


Underwriters Approved 
Patent Applied For. 


Wipe on a small amount 
of special lubricant—This 
reduces friction. 


Insert plain beveled end 


efficiency, 
smooth insertion. 
Sind Your Next Job 


SALES OFFICES 


122 South Michigan Ave. 350 5th Avenue 
Chicago 3, Illinois New York |, New York 


950 Dierks Building 18505 West Eight Mile Road 
Konsas City, Missouri Detroit 41, Michigan 


of pressure 
ired f lai 

ALABAMA PIPE COMPANY 

; Your simple, time saving 


General Offices ANNISTON, ALABAMA joint is completed. 


| 
As Simple As 

| 

| 
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REDUCE CUTTING TIME 


with the NEW MUELLER: CL-12 Wachine! 


JOURNAL AWWA 


@ Now — Mueller Co. has de- 
veloped a fast, automatic drill- 
ing machine for making cuts 
from 2” through 12”. 

The new CL-12 Machine may 
be hand operated with a ratchet 
handle or power operated with 
the Mueller H-60] Air Motor or 
H-602 Gasoline Engine Drive 
Unit. No changes in the ma- 
chine are needed to use either 
method of operation. 

New design and new features 
also reduce set-up time. Auto- 
matic power cutting completely 
frees the operator for other work 
around the job-site. Total on-the- 
job time is drastically cut! 


Write today or contact your 
Mueller Representative for full details 
on the new Mueller CL-12 Machine. 


MUELLER Co. 
DECATUR. ILL. 


Factories at: Decatur, Chattanooga, Los Angeles. 
in Canada: Mueller Limited. Sarnia Ontario 


By 
. 
Mo’... 
ry 
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For The Best Connection You'll Ever Make_ 


The ALTITE JOINT has been subjected to a 
series of rigid tests much more severe than are 
encountered under the most extreme installa- 
tion and service conditions in the field. Even ", wag 
nsert Rubber gasket in 
under extreme conditions, this joint is so bell end of pipe — you 
H can’t put it in wrong — A 
simple to install you could hardly go wrong y+ i tnt 
if you tried. 


Underwriters Approved 
Patent Applied For. : 
5 Wipe on a small amount 
of special lubricant—This 


reduces friction. 


Insert plain beveled end 
ae of pipe — there are no 
gal efficiency, grooves, ridges or tips on 
qomy and gasket to interfere with 
h insertion. 
Order ALTITE For 


gimplicity— Your Next Job 


SALES OFFICES 


122 South Michigan Ave. 350 5th Avenue 

Chicago 3, Illinois New York 1, New York 

950 Dierks Building 18505 West Eight Mile Road snr Bie a 

Konsas City, Missouri Detroit 41, Michigan SUIS a 
Small amount of pressure 
required to force plain 
end to bottom of socket— 
Your simple, time saving 


| General Offices — ANNISTON, ALABAMA icin: is completed. 


LF spy APCO | 
4 ny Efficient, Economical and Fool Proof— 
| 
> 3 
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REDUCE CUTTING TIME 


with the NEW MUELLER: CL-12 Machine! ~ 


@ Now — Mueller Co. has de- 
veloped a fast, automatic drill- 
ing machine for making cuts 


from 2” through 12". Write today or contact your 


The new CL-12 Machine may Mueller Representative for full details 
be hand operated with a ratchet on the new Mueller CL-12 Machine. 


handle or power operated with 
the Mueller H-601 Air Motor or 
H-602 Gasoline Engine Drive 
Unit. No changes in the ma- 
chine are needed to use either 
method of operation. 

New design and new features 
also reduce set-up time. Auto- 
matic power cutting completely 
frees the operator for other work 


around the job-site. Total on-the- MUELLER co. 
job time is drastically cut! 
DECATUR. ILL. 


Factories at: Decatur, Chattanooga. Los Angeles. 
in Canada Mueller, Limited. Sarnia Ontario 


| 
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the bigger your pumping problems 


. . . the better your reasons for 


giving them to 


WHEELER-ECONOMY 


You know how big problems can be, in 
selecting pumps for water works reservoir 
service. The Pumps you see here are spec- 
ially designed and built to solve such prob- 
lems. They’re 36’ Axial Flow Wheeler- 
Economy Pumps, each of which delivers 
28,000 gpm. And they’ve been in continuous 


JOURNAL AWWA 


service for many years with only routine 
maintenance and modest operating costs. 

If you’re puzzled over which pumps to 
use for water works, municipal or industrial 
power plant service, drainage, irrigation or 
flood control, see C. H. Wheeler. Your rep- 
resentative can help you even if you need 
capacities exceeding 220,000 gpm and heads 
of 75 feet. He’ll give you expert advice on 
pump design and construction, and station 
arrangement suggestions you'll find helpful. 


Economy Pump Division 


C. H. WHEELER MFG. CO. 


19th and Lehigh Avenue + Philadelphia 32, Pa, 


Whenever you see the name C. H. Wheeler on a product, you know it’s a quality product 


Centrifugal, Axial and Mixed Flow Pumps + Steam Condensers » Steam Jet Vacuum Equipment + Marine Auxiliary Machinery » Nuclear Products 


Vol. 51, No.1 
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Roberts Filter Manufacturing Co. 
DARBY, PENNSYLVANIA 


WATER PURIFICATION EQUIPMENT 
STANDARD OF QUALITY FOR MORE THAN 60 YEARS 


WATER FILTRATION PLANTS and EQUIPMENT 
GRAVITY FILTERS and EQUIPMENT—PRESSURE FILTERS (Vertical 
& Horizontal) —WATER SOFTENING EQUIPMENT 
SWIMMING POOL EQUIPMENT 


This 8 million gallon a day water treatment plant is typical of the 
many hundreds of Roberts-equipped installations throughout the 
United States, Canada and Latir America. We welcome the oppor- 
tunity to cooperate with engineers on all types of water filtration 
equipment projects. 


© Dependability 
© Experience 


© Engineering Cooperation 
and Service 


SWIMMING POOL EQUIPMENT 


This modern pool at Levittown, Pa., 
built by Levitt and Sons, Inc., is repre- 
sentative of the thousands of Roberts- 
equipped swimming pools. We produce 
a complete line of swimming pool re- 
circulating plants and filtration equip- 
ment, backed by more than 60 years 
experience in the field of water purifi- 
cation. 


oe 
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GIANT STRENGTH! 


“Giant” molecules make this plastic pipe 


SLIT-PROOF! 


The longer the molecules—the stronger the 
pipe! And the “giant” molecules in 
Orangeburg SP Plastic Pipe are 40 times 
longer than those in conventional poly- 
ethylene pipe. These longer molecules 
“lock” together to make Orangeburg SP 
exceptionally tough and completely slit- 
proof. SP out-performs conventional poly- 
ethylene pipe 3,000 to 1 in laboratory slit 
tests. In quick-burst tests, SP provides a 
7 to 1 safety factor over recommended 


working pressures. Yet Orangeburg SP 
costs no more! In addition, Orangeburg SP 
Plastic Pipe is kink-resistant, lightweight, 
flexible and easy to install. Available in 4%” 
to 2” sizes. Lengths to 400’. Approved for 
drinking water service by National Sanita- 
tion Foundation. Write for free sample and 
literature, Dept. JA-19, Orangeburg Manu- 


facturing Co., Orangeburg, N. Y. 
ORANGEBURG MANUFACTURING CO. ‘. 


A Division of The Flintkote Company 
Manufacturers of America’s 
Broadest Line of Building Products 


ORANGEBURG SP Pipe 


Vol. 51, No.1 
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Rate Yoursel, ara 


CHECK HERE 
(1) Do you believe in setting water meters so that they 
‘are most available for quick and easy reading? 


O) _—sDo you provide installations which put meters in the 
proper position and protect them from dirt and damage? 


© Are your meters connected into the line so that chang- 
ing can be quick and trouble-free? 


O Do you test meters periodically and maintain them 
for maximum accuracy? 


if you have checked all four you probably use Ford equipment. 
Don't be discouraged if your grade is off a little; the easy first 
step toward improving it is to send for a FORD CATALOG, 
IT'S FREE. 


These Ford Products Make it Easy 
for you to be a METERologist 


YOKE BOX 


For shallow services 
the Yokebox pro- 
vides protection to 
keep meter clea 
easy to read a 
easy to change. 


COPPERSETTER 


A complicte meter 
mounting that brings 
the meter up for 
easy reading and 


HES changing. Holds 
service line perma- 


COPPERHORN DOUBLE LID 
SETTING 


Ideal setting for 
most basements with 
vertical service lines. 
Often saves more 
than its cost in pipe 
fittings. 


Provides maximum 
frost protection in 
cold climates. The 
Yoke holds risers 
permanently braced 
He, and connected for 
=< meter changing. 


THE FORD METER BOX COMPANY, INC, Wabash, Indiana 
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4% m.g.d. Willamette River Water Treatment Plant, Corvallis, 
Oregon. Illustration of Rex Floctrol and Rex Verti-Flo with 
modern administration building in background. 

City Water Superintendent: Doug Taylor 


Corvallis, Oregon Tames Turbidity 
at Low Cost 


Seven years of excellent performance in 
Corvallis, Oregon, have given added 
proof of the efficiency and economy of 
Rex Floctrol and Verti-Flo Clarifiers. 


The main problem facing the designers 
of the new Corvallis plant on the 
Willamette River was removal of turbid- 
ity. Due to seasonal flows, river turbidity 
varies from 5 to 300 p.p.m., with tem- 
perature ranges from 32° to 75° F. 


In order to solve this problem, the con- 
sulting engineers selected a treatment 
system incorporating the efficiencies and 
economies of Rex Floctrol and Rex 
Verti-Flo Clarifiers. 


The results: for over seven years, the 
effluent from the Verti-Flo Clarifiers has 


contained an average of only 2 p.p.m. 
turbidity. Not one readjustment has been 
needed since initial balancing. 


W hy such excellent results? The unique 
design of Rex Floctrol, by increasing 
mixing efficiency, produces larger, faster 
settling floc...saving chemicals. Rex 
Verti-Flo Clarifiers, an efficient system of 
vertical-flow settling cells and draw-off 
weirs, assure maximum clarifying effi- 
ciency, greatest capacity, at lowest cost. 

Investigate the advantages of Rex 
Floctrol and Verti-Flo Clarifiers. Send 
for Bulletin 315-51 on Rex Flocculation 
Equipment and Bulletin 52-77 on Rex 
Verti-Flo Clarifiers. Write CHAIN Belt 
Company, 4609 W. Greenfield Ave., 
Milwaukee 1, Wis. 


CHAIRS! 
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SMITH TAPPING MACHINES 
FOR TAPS 2’ THRU 12’ INCLUSIVE 


Mode! S-54 Power Operated or Hand Operated ? 


The Smith S-54 Tapping Machine is the most modern, efficient and eco- 
nomical machine available. S-54 Machines are produced with either 25” 
or 37” travel. The Machine is used with Tapping Sleeves, Hat Flanges, 
Saddles and Tapping Valves to make 2” through 12” connections under 
pressure to Cast Iron, Cement-Asbestos, Steel and Reinforced Concrete 
Pressure pipe. Features: 1. Positive automatic feed insures correct drill- 
ing and tapping rate. 2. Travel is automatically terminated when tap is 
completed—cutter and shaft cannot overtravel. 3. Telescopic shaft reduces 
overall length. 4. Mechanism is housed in heat treated Aluminum Case 
filled with lubricant. 5. Stuffing Box and Packing Gland is accessible with- 
out disassembling machine. Line pressure cannot enter machine case. 
6. Extra large diameter telescopic shaft adds strength and rigidity. Timken 
radial-thrust bearings maintain alignment, reduce friction and wear. 
7. Worm gearing operates in lubricant, torque is reduced to the minimum. 
8. Cutters have replaceable Flat and Semi-V alternate teeth of High Speed 
Steel or Tungsten Carbide. 9. Flexibility: Hand Operated Machines can 
be converted to Power Operation by interchanging worm gearing. Bulletin 
T54 sent on request. 


‘THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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PUT EVERY OPERATION 
AT YOUR FINGERTIPS 


. With Foxboro 
SUPERVISORY 
CONTROL 


One operator can coordinate all 
_ flow rates, pressures, and 
evels with Foxboro Supervisory 
Control. This modern Teletax tele- 
metering system gives you contin- 
uous, centralized control of any 
measurement made with a stand- 
ard Foxboro Measuring Element. 
Simultaneous two-way transmis- 
sion is provided over any system. 
“Report back” signals confirm all 


FOXBOR 


REG. U.S. PAT OFF, 


Any Transmission System 
© Two wires 
@ One wire and ground 
®@ Radio or microwave 
Carrier current 


operations. Each Teletax installa- 
tion is engineered to individual 
plant requirements . .. any com- 
bination of manual or automatic 
indication and control. Field- 
tested, Foxboro quality through- 
out, Teletax assures highest effi- 
ciency, economy,and safety. Write 
for complete details. The Foxboro 
Company, 161 Norfolk St.,Foxboro, 
Mass., U. S. A. 


TELETAX 


TELEMETERING 
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The precision fit and unique 
joint harness cut the diver’s 
work to a minimum. 

The absence of metal in 
the joints pays real dividends 
in long life. 

Job pictured is a pressure 
sewer at Long Key, Pinellas 
County, Florida. 


P. S. Write for details of 


the big subaqueous pipe we 
Engineer: Russel & Axon, Daytona Beach 


made in Managua, Nicar- Prime Contractor: J. E. Milam, Birmingham 
agua, last summer! Sub Contractor: Powell Brothers, Ft. Lauderdale 


Another Quality Product from 
Vulcan Materials Company 
Concrete Pipe Division 


P.O. BOX 6226 STATION H ATLANTA, GEORGIA TEL: JAckson 4-6243 
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SALT DELIVERY. 


How it can affect design of 
water softening installations 


Every method of salt delivery—by rail, truck or barge, 
in bags or bulk—presents it own special problems of 
plant design. For example: What plant area should be 
designated for receiving salt? What’s the best salt- 
unloading method to specify? Where will salt be stored 
and dissolved to make brine? The job of answering 


these questions has been complicated in recent years 
by the greatly increased salt tonnages required in 
today’s large-capacity water-softening installations. 


If you foresee a plant-design problem involving salt 
delivery, contact International Salt Company. With 
over 50 years of experience and continuing research 
in all phases of salt handling and brine production, 
International is fully prepared to give you expert, 
comprehensive information and technical assistance on 
any matter in connection with salt purchase, storage 
and dissolving for regeneration of ion exchangers. 

This service is free of charge. 


Service and research 
are the extras in 
STERLING SALT, 


INTERNATIONAL SALT CO., INC_, SCRANTON 2, PA. « Sales Offices: Atlanta, Ga.* Baltimore Md.¢ Boston, Mass. 
Buffalo, N. Y.¢ Chicago, Ill. ¢ Cincinnati, O.¢ Cleveland, O.¢ Detroit, Mich.¢ Memphis, Tenn. Newark, N. J. 
New Orleans La. ¢ New York, N. Y.¢ Philadelphia, Pa. ¢ Pittsburgh, Pa. ¢ Richmond, Va. ¢ St. Louis, Mo. 
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1879—-ROSS-1879 
Automatic Values 


Controls Maintains 
elevation of safe operating 
water pressures 
in ; for 
tanks, basins conduits, 
ont distribution 
reservoirs 
ALTITUDE VALVE 1. Single Acting pose 
2. Double Acting 
Maintains 
desired 
discharge A self contained 
pressure unit with 
regardless three or more 
of change automatic 
in controls 
rate of flow 


REDUCING VALVE 

Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basif: 


1. As direct 
acting 

2. Pilot oper- 
ated and with 
ma fioat traveling 

abetween two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 
Packing Replacements for all Ross Valves Through Top of Valve 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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is the difference 
in chiorine control 


Safe chlorine control is tie job of a chlorinator. 

This control, the V-notch, does the job completely. - 
Yet it appears to be simply a grooved plug in a ring. oil 

It is, of course, more than ‘that... much more. ¥ 
The groove in the plug is precision milled and shaped so that 
when you turn the control knob on your chlorinator and the plug 
slides through the ring, the:size of the opening between the groove 
and the ring changes an exact amount: You meter chlorine exactly 
and simply because every. position of the plug in the ring makes 
a repeatable orifice size—a repeatable chlorine flow rate. 

Only in a W&T V-notch Ghlorinator is control so simple, so true, 
so precisely right. 

And, of course, the right plastics make the whole chloringfor 
chlorine-proof. 


Wi 


| 


| 


A booklet, “The V-notch 
ir Story” will tell you about all 
the W&T V-notch Chlorinator 
features. For your copy write 


Dept. S-127.05 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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Penny-Wise Water 
Lewis S. Finch 


A message to the water utility industry by Lewis S. Finch, President, 
American Water Works Association. 


URING the past 18 months, the 
several sections of the American 
Water Works Association have been 
told of the importance of making water 
utility customers conscious of the value 
to them of the water service they now 
take for granted. It also has been 
stressed that, if water utility manage- 
ment seeks public appreciation of the 
value of water service, it must merit it. 
During this time, the Association 
itself has not been idle. It has de- 
veloped a Water Works Advancement 
Program designed to accomplish these 
goals and has established a Water 
Works Advancement Committee, which 
is responsible for the direction of the 
effort. This committee is responsible 
only to the Board of Directors. It is 
headed by Fred Merryfield, past presi- 
dent, in whose administration the proj- 
ect was conceived. James B. Corey, 
a specialist in public relations work, 
has been employed to develop a plan 
of attack and administer the program. 
In helping to establish the program, 
during my tour of duty as vice- 
president, and since becoming presi- 
dent of the Association, I have been 


particularly impressed by the fact that 
many water systems are in need of 
improvement and expansion, but that 
those responsible for their manage- 
ment are hesitant to spend the money 
necessary to do the job _ properly. 
They hesitate largely because they are 
afraid of customer reaction to increased 
rates. As a consequence, they either 
do not improve their facilities or, if 
they do expand, they do it on a hand- 
to-mouth basis. It was in considering 
these circumstances that I began think- 
ing in terms of “Penny-Wise Water”’— 
hence this article. 


Why Penny Wise? 


“Penny wise and pound foolish’— 
this ancient adage applied to water ex- 


presses my theme. To be short of 
water because it costs too much to 
build needed improvements is false 
economy. To build plant facilities too 
small to provide for future growth be- 
cause one thinks one cannot afford to 
do an adequate job is shortsightedness. 
But to sell water so cheap that one is 
too poor to have adequate facilities or 
to provide for future needs is “penny 
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wise and pound foolish.” This is 
penny-wise water. 

In developing the penny-wise theme, 
let us take a look at the true value of 
water. Water is the lifeblood of the 
community. Without an adequate sup- 
ply of it, no community can prosper 
and grow. Indeed, if its water supply 
is not adequate, the community will, 
as it were, wither on the vine just as 
a growing plant that is not watered 
adequately. 

In the new bulletin of the American 
Water Works Association, What 
Price Water (1), there appears a 
statement that vividly describes the 
true importance of water. 


Water is a commodity so precious that 
no tyrant has ever dared deny it to his 
people. The earliest records of our civi- 
lization are linked to the spring and the 
waterhole, the river and the well. 

Wars have been fought over water 
rights and once mighty nations have van- 
ished because their water resources failed. 
Men have battled to the death over the 
last few drops in a canteen. 

Families have given up their homes 
and deserted their properties because of 
failing wells and dried-up water courses. 
London was virtually destroyed by fire 
in the seventeenth century and Chicago 
was reduced to ashes in 1871 because 
sufficient water could not be delivered 
to the right place at the right time. 


Water is a natural resource and as 
such must be conserved. It must 
neither be wasted nor put to use in 
quantities inconsistent with the supply 
that is economically available. Just as 
large electric-power plants are located 
where coal and large quantities of 
water are available, so must all indus- 
tries requiring vast amounts of water 
be located where water can be readily 
and economically obtained in the re- 
quired quantity. Likewise, major 
centers of population must be located 
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where the water supply is adequate or 
can be economically developed. Water 
cannot be economically transported 


over vast distances, as can oil and gas. 
With these thoughts in mind, can 
we not agree that, if a community is 
to have a continued healthy existence, 
it must have an adequate public water 
supply—whatever the cost? 


The Three ‘A’s’ 

But what are the attributes of an 
adequate public water supply? All 
will agree that water service must be 
adequate to meet future needs, but 
some of the factors that help to insure 
adequate service may not be immedi- 
ately apparent. In considering what 
goes to make up adequate water serv- 
ice, I like to break adequacy down into 
the three “A’s”’: a sound system, a 
sufficient income, and a public that 
fully appreciates the value of water 
service. We must have all three or 
we cannot do the job. 

Now let us review what goes to 
make up sound systems. To have a 
sound system, the water supply must 
be adequate, as must plant facilities. 
The distribution system likewise must 
be adequate. To accomplish all of this 
requires that there be an adequate 
money supply as well as an adequate 
water supply. This brings us to our 
second requirement—sufficient income. 
To have sufficient income, we must 
have high-enough rates to pay for nec- 
essary expansion of facilities, proper 
operation, and adequate salaries to per- 
sonnel. To build hand-to-mouth facili- 
ties, to skimp or operation, and to 
underpay our employees in order net 
to raise water rates is again penny 
wise and pound foolish—penny-wise 
water, again. 

But if we are to have adequate rates, 
our customers must be willing to pay 
them, and that brings us to the third 
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“A”—a public that is appreciative. If 
we are to have adequate appreciation of 
the value and importance of adequate 
water service and the necessity for pay- 
ing adequate rates for water, we must 
make our customers aware not only of 
the importance and value of our prod- 
uct, but also of the many things that 
have to be done to the water before 
it reaches their faucets. If we are to 
develop such appreciation, we must at 
the same time do what it takes to make 
our service worthy of appreciation. 
From the standpoint of management 
as well as operation, we must deserve 
appreciation. 


Anticipated Future Growth 


Acting through its Water and Sew- 
erage Industry and Utilities Division, 
the US Department of Commerce, in 
January 1956, released a report in 
which it projected the national water 
usage from 1955 to 1975 (2). This 
report shows that the use of water by 
United States public water supplies 
may be expected to increase 64 per 
cent during the next 15 years. This 
anticipated national increase is suff- 
cient to cause those responsible for the 
administration of public water supply 
agencies, however small, to make ready 
for the future by planning necessary 
plant expansion and charging rates 
adequate to pay for the expansion re- 
quired. To do otherwise would be to 
invite penny-wise water. 


Determination of Adequacy 


As the first step in determining the 
adequacy of the community water sup- 
ply, water utility officials should study 
operating records and determine how 
well the water system has met the 
demand during drought years. From 
this it may be deduced whether the 
supply can be expected to meet future 
drought demands. Future population 
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projections should then be made in 
order to estimate future water supply 
requirements. These should be com- 
pared with the available supply and 
with the capacity of the existing plant. 

Determination of the future avail- 
able water supply and necessary plant 
extensions can be difficult. In fact, 
unless the utility has the services of 
an experienced engineering staff, the 
problems encountered in making proper 
comparisons and developing necessary 
plans are so complex that assistance 
should be obtained through the em- 
ployment of a consulting engineer. 
Not to secure competent engineering 
assistance because of the cost involved 
is conducive to penny-wise water. 


Master Development Plan 


In all but the smallest water sys- 
tems, a master development plan 
should be prepared. Such a plan 
should be comprehensive and outline 
the general nature, capacity, and ap- 
proximate cost of the works that will 
have to be constructed to meet present 
and future community water require- 
ments. It should be expected that such 
a plan will need to be revised from 
time to time to meet changing condi- 
tions. It will, if kept up to date, pro- 
vide an adequate guide in the develop- 
ment of construction programs. 


Improvements Cost Money 


To build the necessary improve- 
ments will quite possibly take a lot of 
money. It will probably be necessary: 
for the water rates to be raised—per- 
haps as much as 50 per cent or more. 
Can it be questioned that, if necessary 
to achieve safety and adequacy, the 
rates could even be doubled without 
being prohibitive? Compare water 
rates with those paid for telephone 
service or for electricity and gas; 
water rates are obviously penny wise. 
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Building water system improvements 
and extensions does cost money—and 
a lot of it—but one can be assured that 
community money will never be better 
spent than when those dollars are used 
to insure that the public water supply 
keeps pace with the growth of the 
community. 

Let us see what it actually costs to 
have an adequate water supply. Sup- 
pose a necessary improvement project 
does cost $50,000—100,000, $500,000, 
or $1,000,000. No single individual 
is going to pay for it. The only thing 
of real importance to the individual 
customer is how much he will have to 
pay for the water service he receives, 
not what the aggregate cost of the im- 
provements will be. 

Let us see what some of the water 
uses we take for granted actually do 
cost. A tub bath may cost as much 
as 3 cents; a shower bath costs even 
less. What if it does cost 4 cent to 
flush a toilet? Would any of us go 
back to outdoor plumbing to save the 
cost—at even double the cost? 

It costs less than 0.1 cent—not even 
a dime a month—to wash one’s face 
three times a day. Is anyone going to 
stop washing his face to save 10 cents 
a month—or even 20 cents a month, if 
the rate should be doubled? Certainly 
not. 

Then there is the garden out in back. 
Perhaps it needs a good soaking. Is 
anyone going to let it burn up because 
it may cost 15 cents an hour to water 
it? Would anybody give up the gar- 
den even if he had to pay 20-25 cents 
so that a new pumping station or filter 
plant could be built to make the supply 
adequate? I don’t think so. Water 
is the most necessary thing anyone 
buys, and, whatever the price, it is 
worth it. 
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Water Is Too Cheap 


How many of us have been guilty 
of bragging that water is “cheaper than 
dirt” or that water is the cheapest thing 
one can buy? I have. But how can 
we expect our customers willingly to 
pay more for what we ourselves say 
is so cheap? Rather, let us brag that 
water is the most necessary commodity 
that our customers buy. Let’s not 
have penny-wise water. 

Water rates are too low—we know 
it, so let’s face it. John H. Murdoch 
Jr., then general counsel to the Ameri- 
can Water Works Service Company 
of Philadelphia, a company operating 
over 150 water utilities in many parts 
of the country, presented a paper at 
the St. Louis convention of AWWA 
in 1956 entitled “75 Years of Too 
Cheap Water” (3)—penny-wise water, 
if you will. 


Water works systems have always 
failed and are now failing to offer to 
their customers the water service de- 
sired. Water works men excuse their 
failures on the ground of poverty and 
yet are publicly proud of the low prices 
charged. Service deficiencies will con- 
tinue until this industry becomes ashamed 
of too cheap water. 

From the early days of water systems 
to the early 1900’s, public water supplies 
could be created and kept alive only by 
offering competition in price against 
wells and cisterns, which were generally 
more highly regarded. 

People saw little need for public sup- 
plies for cooking and drinking until they 
realized the danger of using impure 
water. 

Our water works founders, in order 
to bring in the numbers of customers 
required to make the enterprise possible, 
kept the cost of their plants to the bare 
minimum and fixed their customers’ serv- 
ice charges so low as to be attractive to 
people who really did not particularly 
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want the rather inferior service being 
offered. Understandably, the public came 
to look on water as cheap. 

We claim that we deliver water to 
our customers as they need it. The claim 
is not well founded. Water is delivered 
when it is available at the source, and 
when and as the pumps and distribution 
systems are not overloaded. When the 
customers want it most they cannot get 
it. We are too poor to make adequate 
provision in source of supply to carry our 
demands through a recurrence of recent 
droughts. We are too poor to develop 
supply facilities which will be needed to 
meet increasing demands in the near 
future although we know that long years 
of effort must go into such developments. 

So we carefully explain to the custom- 
ers and to the public that the type of 
service which is ‘wanted and which we 
know how to render cannot be rendered 
because we cannot afford it. 

Let each man remember that public 
water supply systems are no longer in 
competition with backyard wells and cis- 
terns and need not cut service or charges 
in order to get essential business. Let 
each remember that the public now con- 
siders water service essential and wants 
that service improved, strengthened, and 
extended. Then let the water works 
man, having cleared his mind of the old 
habits of thought based on long for- 
gotten conditions, begin the process of 
leading the people to a realization that 
adequate service such as they want, can 
and will be given whenever they want 
to pay the new costs rather than tradi- 
tional rates. 


This goal can be reached only by 
getting away from penny-wise water. 
If we are to accomplish this, we must 
convince the public that water service 
is not valueless, but priceless. 


Self-Appreciation Necessary 


Before attempting to sell the public 
on the value of our service to the com- 
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munity, we must realize, ourselves, 
that the community could not get along 
without our product, that we are very 
important persons to the community. 
We must upgrade ourselves in the 
process of upgrading our product. We 
must employ competent personnel and 
pay them adequately. A high-grade 
product cannot be produced by second- 
rate people. We must think “big.” 

It helps the prestige of water utility 
service personnel, meter readers, cus- 
tomer servicemen, and others having 
personal contact with the public to 
give them neat, distinctive uniforms. 
The cost need not be too great. In 
one city, the water department pur- 
chases the original uniforms for its 
employees and shares replacement 
costs on a 50-50 basis. 

Money spent in increasing the pres- 
tige of utility personnel will be money 
well spent. It will help to make penny- 
wise water a thing of the past. 


Cultivate Public Appreciation 


Appreciation of the true value of 
water service can be promoted by 
making the public conscious of the 
fact that water is indispensable, that 
the water system that supplies it to 
them is rendering a most valuable serv- 
ice, and that penny-wise water is 
“pound foolish” (damned foolish, if 
you ask me). 

There are many ways in which this 
can be accomplished at little cost. I 
will mention but a few of them. At 
every opportunity—in discussions with 
friends, before luncheon clubs, on 
radio time (if radio stations are avail- 
able), with bill stuffers, in newspaper 
stories, or by any method you can 
dream up: 


1. Personalize your employees. Give 
them public credit for the good work 
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they are doing. If you do not wish 
to pat yourself on the back, pat your 
employees’ backs and accomplish the 
same thing. 

2. Tell of the convenience of having 
plenty of safe water at one’s fingertips. 

3. Explain the difficulty and expense 
of producing safe water and distribut- 
ing it to the customers. 

4. Justify your rates by showing 
how the customers’ money is spent. 

5. Build good public relations on 
a personal level; polite cashiers and 
neighborly servicemen can cultivate 
much good will without an expensive 
advertising campaign. 

6. Win friends and influence the 
public by practicing good manners and 
teaching them to your employees. 

7. Above all, provide good service 
when it is necessary to perform irritat- 
ing work, such as making street cuts, 
obstructing traffic, or shutting off the 
water for any purpose. Explain the 
need for such work by erecting signs 
and providing adequate advance notice 
of shutoff. 


Many water utility men already do 


these things. So can you! 

When these things have been done, 
or better yet, concurrently with them, 
spend money for advertising. It may 
be thought that publicly owned utili- 
ties cannot spend money for advertis- 
ing, but they can and many do. They 
can at least prepare attractive and 
readable annual reports that will get 
across the message. In fact, the public 
has a right to expect such reports. 

' Service trucks can be attractively 
and distinctively painted. Hydrants 
can be freshly painted and building and 
grounds adequately maintained. Edu- 
cational pamphlets can be distributed, 
that can be bought from AWWA at 


modest prices. 
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AWWA Can Felp to Abolish Penny- 
Wise Water 


AWWA can, in fact, help in many 
ways. Ten years before John Mur- 
doch so forcefully called attention to 
the tendency to play down the value 
of water, the AWWA Board of Di- 
rectors recognized the problem and 
set out to assist the water supply in- 
dustry to better its public relations. 
A professional writer was employed 
to prepare a public relations manual. 
It was titled Silent Service Is Not 
Enough (4). In December 1954, the 
manual was published in the JouRNAL. 

To illustrate the principles set forth 
in the manual and to assist water util- 
ity management in implementing pro- 
grams to better public relations, an- 
other publication was developed by 
the AWWA staff. Originally called 
Public Relations at Work, but cur- 
rently known as Willing Water, it 
now is published monthly and dis- 
tributed to AWWA members. Un- 
fortunately, too many of our members 
who are responsible for the mainte- 
nance of good public appreciation and 
the dissemination of water supply in- 
formation do not properly value the 
information included in Willing Water 
and do not read it carefully. Too often 
Willing Water is put aside and never 
read. 

Perhaps a new format would help. 
Consideration now is being given to 
making Willing Water more attractive 
and readable. The staff will appreci- 
ate having suggestions as to how this 
may be accomplished. 

Cartoons, posters, decals, mats of 
prepared ads, and other public rela- 
tions guides have been developed by 
AWWA and are available at a modest 
cost. More aids of this sort will be 
prepared under the advancement 
program. 
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A picture book, in comic book for- 
mat, telling the story of water supply 
and aimed at the junior customers, 
can be obtained from AWWA at prices 
varying from 15 cents to 2 cents, de- 
pending upon the quantity purchased. 
Many utilities have used thousands of 
them. Get some of these comic books 
and give them to the school children. 
Many of the parents will read them, 
too. 


Followthrough Is Imperative 


To avoid the pinch of penny-wise 
water, we must follow through. A 
single step is not enough to reach the 
goal. We must turn all our steps in 


that direction—and AWWA is work- 
ing now toward leading the way. That 
is the basic purpose of the new Water 
Works Advancement Program. 
Through education, AWWA will 
try to stimulate water utility manage- 


ment to change its outlook from penny- 
wise water to “improved water service, 
through water works systems self- 
sustained and adequate to meet the 
growing needs of each community.” 
Then through both its present publi- 
cations and a new series of public- 
information aids, it will endeavor to 
assist management in local campaigns 
to enlist public support for water serv- 
ice that is at least up to the standards 
of other utility services. 

Beyond these internal efforts, 
AWWA expects to participate in a 
program to build public awareness not 
only of the value of public water sup- 
ply, but also of the desirability and 
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feasibility of quality water service. 
This latter program will be carried on 
through national publicity and adver- 
tising campaigns developed in coopera- 
tion with the manufacturers of water 
works equipment and materials. 


An End to Penny-Wise Water 


The public has a right to expect 
that the public water supply system 
will be adequate to provide water 
when and where needed. To assure 
that the utility will not be too poor to 
give such service, rates must be ad- 
justed to supply enough money to 
carry on necessary improvement pro- 
grams. To accomplish this goal, the 
management of each utility must use 
all of the means at its disposal to in- 
form the public of the value to the 
community of an adequate water sup- 
ply and to convince them that what- 
ever has to be spent to make the sup- 
ply adequate will be money well spent. 
Only when this has been done, and 
not before, can there be an end to 
penny-wise water. 

We already have the means for 
starting such a campaign on the home 
front. Let’s do it now! 
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Methods of Financing Water Utilities 
in Michigan 


Louis E. Ayres 


A paper presented on Sep. 8, 1958, at the Michigan Section Meeting, 


Grand Rapids, Mich., by Louis E. 
Norris & May, Ann Arbor, Mich. 


HIS article discusses the sources 

of capital and of income, other 
than commodity rates, required to 
finance a water utility. This is a 
subject of particular interest under 
present-day pressures of suburban 
development and the handicaps of 
legal limitations. 

The capital required by privately 
owned water utilities is limited to bor- 
rowed money and is obtained through 
the sale of common and _ preferred 
stocks, debentures, and mortgage 
bonds, or from bank or other short- 
term loans. Utilities under state 
water commission control may not 
plow earnings back into the capital 
structure. The income of a privately 
owned utility is limited to approved 
commodity rates and_fire-protection 
charges. 

Publicly owned water utilities, al- 
though much of their capital is de- 
rived from borrowed money through 
the sale of general-obligation, special- 
assessment, and revenue bonds, may se- 
cure additional funds from: taxes; sur- 
plus, or the profits of past operations; 
contributed funds, private or govern- 
mental ; and various other devices such 
as the front-foot assessment, or capi- 
tal, connection, and benefit charges. 
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Background History 


In Michigan’s early days water sup- 
plies were provided and financed by 
the family. Water was obtained from 
wells—individual house wells or com- 
munity wells—or from surface streams 
and lakes. The early settlers of De- 
troit, for example, obtained their water 
supply mostly from the Detroit River. 
It was supplied from a pump on a 
wharf and carried: 


. in casks and barrels, hauled in 
carts, and in buckets slung at either end 
of wooden yokes;...and the ordi- 
nances of the trustees compelled each 
citizen to keep on his premises a cask 
containing a certain amount of water 
and so arranged with poles for handles 
that it could be brought into immediate 
use in case of fire (1). 


This is an example of the fire- 
protection service of a century and a 
quarter ago. 

With the growth of communities to 
more than a few hundred families the 
need was soon felt for a system of dis- 
tribution pipes to supply water for 
domestic use and fire protection. This 
objective was often accomplished by 
the formation of a company of pro- 
moters who undertook to supply the 
funds necessary to provide water, 
pumps, and a distribution system. 
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Detroit 


On Mar. 30, 1827, a private com- 
pany was given the exclusive right of 
supplying Detroit with water. “At 
that time the city contained about 1,500 
inhabitants. For the use of water 
families were charged $10 per annum 
(1).” Although the company “con- 
tinued to expand the works in the face 
of increasing pecuniary loss, it failed 
to furnish a constant supply . . . of 
pure, clean, and wholesome water.” 
Its charter was, therefore, forfeited and 
its property was purchased by the city 
on Jun. 4, 1836, for $20,000, payable 
by 20-year, 6 per cent bonds. This 
was one of the early failures of a pri- 
vate water company. Similar experi- 
ences were common in the history of 
municipal water utilities clsewhere in 
Michigan. 

With the purchase of the company’s 
property Detroit was faced with an 
expenditure of more than $180,000 for 
new facilities. In spite of all efforts 
to improve conditions, “the Common 
Council was besieged with petitions for 
relief and for reduction of rates and 
found itself in nearly the same situation 
that its predecessor, the Old Hydraulic 
Company, had been in only 15 years 
previously.” This condition appears 
to have been caused by the rapid in- 
crease in population, inadequate rates, 
lack of experience in water utility prac- 
tice, and Common Council manage- 
ment: “Many discussions and debates 
were held as to the policy to be pur- 
sued. .. . Many were in favor of a 
sale to a private company, . . . others 
were strongly opposed to such a course. 
Finally, in February 1852, the council 
passed an ordinance by which the con- 
trol and management of the water 
works were vested in a board of trus- 
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tees, consisting of five members, and 
on May 16, 1853, the Board of Water 
Commissioners was organized.” At 
this time the population of the city was 
more than 35,000. 

This new Board of Water Com- 
missioners, which was created by an 
act of the Michigan legislature, had 
broad powers. Pertinent to this arti- 
cle, it had the power to borrow 
money and to issue bonds, pledging 
the faith and credit of Detroit for the 
payment of their principal and inter- 
est. The board also had the power 
to assess a water rate which would: 
“become a continuing lien” upon any: 
“house or other building and upon 
the lot or lots upon which such house 
or other building is situated.” In 
addition, if any sum was needed: 
“over and above this revenue .. . to 
meet the payment of interest or prin- 
cipal of bonds issued . . . it shall be 
the duty of the Common Council to 
raise said amount by a special tax in 
the same manner as general taxes.” 
In 1887, for example, $75,000 was 
received by the board “from a liquor 
tax.” 

From 1876 through 1919, inclusive, 
more than $3,000,000 was collected by 
special taxes and paid to the board. In 
the early days receipts from taxes 
sometimes amounted to as much as 
25 per cent of gross receipts from 
water assessments. Toward the end 
of the period money received from 
taxes dropped to as little as 34 per cent 
of gross receipts from rates. 

Revenue that now comes from meter 
sales at first was collected in Detroit 
by means of flat-rate assessments, es- 
tablished in the bylaws of the Board 
of Water Commissioners Feb. 14, 1854. 
The first meters appeared in 1878. By 
1890, 10 per cent of water services 
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were metered, by 1924, 50 per cent, 
and by 1930 almost all sales were 
metered. 


Types of Charges 

1. Front-foot assessments and 
charges. The front-foot benefit charge 
is an annual charge and a contribution 
to income. It should be distinguished 
from the commonly used front-foot as- 
sessment which is levied on property 
at the time a main is laid and is in- 
tended to cover, in part, the capital cost 
of the main extension. Front-foot as- 
sessments are common but are gener- 
ally inadequate to cover the cost of the 
mains laid. 

In a report to Detroit for the year 
ending Dec. 31, 1869 (2) it is statec 
that: “The legislature of this state, at 
its last session, passed an act making 
it the duty of this board to assess an 
annual tax of 3 cents per lineal foot 


of the frontage of lots in front of which 
water pipes are laid and which do not 


pay water rates.” This tax, first as- 
sessed for the year 1870, amounted in 
that year to $6,446.40, about 4.65 per 
cent of total receipts from water rates. 
“The assessments were made annually, 
but no proceedings were had to enforce 
collection by sale of delinquent prem- 
ises,” until the beginning of the year 
1876: “Upon suit brought by parties 
interested the Supreme Court of the 
state, at its last June [1876] term, 
declared the act in question invalid. 
All amounts collected under the act 
were repaid (3).” 

It is interesting to note that in 1918, 
42 years after the Michigan act, assess- 
ing an annual tax on lot frontage of 
nonusers was declared invalid. Mary- 
land passed the enabling statute of the 
Washington Suburban Sanitary Dis- 
trict, which provided that: “debt serv- 
ice on district bonds for capital cost be 
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met by a low tax on all property in 
the district, plus a front-foot benefit 
charge on properties abutting water 
and sewer lines (4).” This benefit 
charge has now been collected for 40 
years and in 1955 it accounted for 
about 31 per cent of the total income 
of the district. 
Apparently an 


annual front-foot 


’ benefit charge is not only unconstitu- 


tional in Michigan but: “Legal author- 
ity is wanting in many jurisdictions 
(4).” Courts find that it violates a 
basic rule of taxation which requires 
uniformity of application of benefits. 

2. Capital charges. Capital charges 
are collected either as a lump sum to 
aid in plant expansion or as an annual 
addition to rates, equivalent to an extra 
demand or service charge. 

3. Connection charges. Connection 
charges are made to reimburse the sys- 
tem for the cost of services and of 
meters installed. 

4. Customer-benefit charges. <A 
customer-benefit charge permits new 
customers to buy into an existing water 
system. Such benefit charges, for both 
water and sewage service, were defined 
and adopted by an ordinance of the 
Common Council of the city of Ann 
Arbor, Mich., Jan. 16, 1956: 


Wuereas, there are certain properties 
in the city of Ann Arbor which have not 
been developed to the extent of being 
connected with the water and . . . sewer 
systems owned and operated by the city, 
and 

WHeEnrEAS, a benefit charge has accrued 
from said properties by reason of the 
construction and maintenance [of these 
systems] which afford and make avail- 
able to such properties water and... 
sewer service since the inception of these 
services by the city, and 

WuHereEas, such properties have not 
contributed any reasonable or appreciable 
amount toward the cost of construction 


il 
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of the existing [systems], and by reason 
thereof a benefit charge against such 
property should be made before such 
property is permitted to connect to the 
water and . . . sewer systems of the city 
to cover the property’s fair share of the 
cost of such existing services. 

Now, therefore, be it resolved, that a 
benefit charge shall be due and payable 
at the time of the installation of the 
water meter for ... properties . . . rot 
heretofore connected to the water and 
sewer systems of the city. 


The schedule of benefit charges 
adopted by this ordinance varies from 
$75 for a single-family residence, $120 
for two-family residences, $200 for four- 
family residences and up to $2,000 for 
100-family residences, plus $20 for 
each family in excess of 100. There is 
also a meter schedule covering indus- 
trial, commercial, and miscellaneous, 
buildings which ranges from $75 for a 
3-in. meter to $6,800 for a 6-in. meter. 
A later amendment provided that those 
properties that were annexed to or a 
part of the city at the time of passage 
of the ordinance would be granted a 
5 per cent discount per year for every 
year they were part of or annexed to 
the city prior to 1955. This discount 
may not exceed 50 per cent. 

It seems to the author that such 
a so-called lump-sum benefit charge, 
which requires a later user to purchase 
his proper share in a plant that is oper- 
ating and paid for by earlier users, 
offers a partial alternative to the 
Washington Suburban Sanitary Dis- 
trict’s annual front-foot benefit charge. 
This charge also is intended to collect 
in advance a proper share of the invest- 
ment, to be credited to the later user 
when he subscribes to the water sys- 
tem. It is not practical, however, to 
make the lump-sum charge nearly as 
effective as the annual charge. The 
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Ann Arbor lump-sum charge of $75 
per single-family dwelling may be com- 
pared with the annual charge in Mary- 
land on a 60-ft lot of $12 per year for 
40 years, the life of the water district’s 
bonds. 

5. Fire-protection charges. Years 
ago, it was a generally accepted theory 
that the income required to support a 
water utility should be derived from 
two sources: sale of a commodity and 
payments for services. The commod- 
ity was purchased by the individual 
customer and paid for through water 
rates; the services were an obligation 
of the community as a whole and were 
paid for through general taxes. 

One service in particular that has 
been accepted since the first days of 
water utilities is fire protection. In 
fact, in many instances, it was the 
prime function of the utility. It was 
the one public service that appeared 
to be susceptible of evaluation in 
dollars and yet it has been the sub- 
ject of controversy for 50 years. 
Other services to the community, ac- 
cepted as real and important yet not 
subject to precise evaluation, are those 
related to public health, sanitation, and 
the general well-being of the public. 
In recent years payments for fire pro- 
tection have lapsed largely, except 
where maintained by state regulatory 
commissions. Although all privately 
owned water utilities are under com- 
mission control, municipally owned 
utilities are usually free from such 
supervision. 

6. Other charges. 


Expediency in 
taxation brought about the abandon- 
ment of a charge for fire protection 
because it involved a payment to the 
water utility that had to be appropri- 
ated by the city budget, which is bur- 
dened by many other demands for 


funds. 


However, special assessments 
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to provide distribution mains and ex- 
tend mains, capital charges to enlarge 
plants, connection charges to help pay 
for meters and services, and benefit 
charges to permit new users to buy 
into existing systems are all essentially 
charges to property, but not to the 
same property covered by the general 
city tax. All of these devices are avail- 
able for use by the publicly owned 
water utility. 

Extreme bases for financing a water 
utility would be to make “use of gen- 
eral tax funds to finance . . . major 
structures,” the “use of special assess- 
ments to finance . . . local structures,” 
or the “use of water charges to finance 
operation and maintenance (4).” 
However, the propriety of reducing 
water rates so that they cover only 
operation and maintenance charges 
under normal conditions may also be 
doubted. To do so might reduce rates 
unduly and lead to waste. The objec- 
tives in rapidly growing areas are to: 
secure the revenue necessary to finance 
water-service additions without plac- 
ing too much extra financial burden 
on existing users and to finance service 
to new developments without resorting 
to excessive rates. 


Legislation 


Much legislation has been passed in 
Michigan in the last 30 years in an 
effort to aid in the financing of water- 
supply facilities in rapidly growing 
areas. In general, the purpose of the 
legislation has been : “to provide the nec- 
essary powers to larger governmental 
units, such as metropolitan districts, 
counties, and authorities to own and 
operate the required facilities and to 
finance the costs with the aid of both 
taxes and rates (5).” 

The first act to create a metropoli- 
tan district was Act 312 in 1929: 
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This act authorized the formation of 
a combination of two or more cities, vil- 
lages, or townships to own and operate 
a water system, with only a limited power 
to tax in a special assessment district 
but with authority to sell mortgage and 
(later) revenue bonds. This metropoli- 
tan district idea was promulgated by the 
city of Detroit, with the expectation that 
an agreement could be reached on the 
organization of a water district to include 
Detroit and the surrounding areas. The 
plan never materialized (5). 


The Revenue Bond Act of 1933 was 
the next important step in the financ- 
ing of water utilities and under its 
provisions many projects have been 
financed. It has served well in the 
past in connection with extensions and 
improvements to existing municipal 
plants. It is, however, inadequate to 
finance improvements for undeveloped 
areas if there are not sufficient cus- 
tomers at the beginning of a project 
to provide the necessary revenue with- 
out prohibitive water rates. One rea- 
son for this is that in financing with 
revenue bonds it is necessary to pro- 
vide enough revenue to pay all opera- 
tion and maintenance expenses plus 
150 per cent of the debt service. 

In 1939 the so-called County Plan 
was authorized by Act 342: 


... to fill the gap in the Détroit area 
left by the previous failure to form a 
metropolitan district. Under this plan 
the Board of Supervisors can authorize 
the formation of a water district within 
the county and finance the same by the 
sale of general-obligation or revenue 
bonds, and may tax the property in all 
the cities, villages, or townships served, 
and charge rates to the users of water. 
Under this law the Wayne County Road 
Commission developed a system of water 
mains through which the western por- 
tion of Wayne County is supplied with 
Detroit city water (5). 
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In 1952 Act 196 authorized: 


. . . the formation of water authorities 
by the incorporation of any two or more 
cities, villages, or townships, with power 
to own and operate a water system, sell 
revenue bonds, and contract with its con- 
stituent units for the sale of its product. 
These bonds were made good by con- 
tracts with each city, village, or town- 
ship which were severally authorized to 
raise by taxes and by rates the sums 
necessary to meet their respective obli- 
gations (5). 


The cities of Berkeley, Birmingham, 
Clawson, Huntington Woods, Pleasant 
Ridge, and the township of Southfield 
were thus: “organized into an author- 
ity to purchase a water supply from 
Detroit and distribute it through mas- 
ter meters to the boundaries of the 
several communities (5).” This au- 
thority now includes the cities of 
Southfield and Lathrup and the village 
of Westwood. 

In spite of the legislation of the last 
30 years, and particularly of the last 5 
years, the financing of water supplies 
in rapidly growing and extensive sub- 
urban areas presents problems for en- 
gineers, attorneys, and financial ad- 
visers. Additional sources of revenue, 
other than from water rates, have been 
sought. For example, in 1955 Act 
233 authorized the use of state tax 
money and: “any other funds which 
may be validly used.” And Act 4, 
1957, authorized financing by general- 
obligation bonds and stated that a: 
“tax for the purpose of paying the 
bonded indebtedness shall be unlimited 
as to rate or amount.” 

Difficulties in financing will continue 
so long as dependence is placed on the 
use of general taxes collected from an 
entire township or other political sub- 
division to supplement the income from 
rates collected from only a portion of 
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the area involved. Rates are paid by 
users; taxes may be collected largely 
from nonusers of the service. Equity 
requires that both the users and the 
nonusers—or, users of the future—sup- 
port the project. Although front-foot 
assessments and lump-sum benefit 
charges supplement rates no better 
device has been adopted than the an- 
nual front-foot benefit charge of the 
Washington Suburban Sanitary Dis- 
trict, previously described. 


Southeastern Oakland Authority 


The Southeastern Oakland County 
(Mich.) Water Authority presents 
unique and outstanding examples of 
both water-distribution methods and 
the allocation of costs to customers. 
Water purchased by the authority is 
limited to a rate of demand not to 
exceed the average rate of maximum- 
day use and it is delivered to its con- 
stituent units at the demand rates re- 
quired to meet their respective maxi- 
mum hourly use. All water received 
and sold is measured through record- 
ing meters. The records of the au- 
thority, therefore, provide unusually 
complete data on hourly rates of water 
use, storage requirements, and related 
factors of importance in the intelligent 
design and operation of water systems. 

This authority is also unique in its 
plan for distributing costs. In the 
original contract each unit purchased 
an estimated maximum daily demand 
for the year 1970 and each agreed to 
pay as a demand charge its propor- 
tionate share of 50 per cent of the total 
fixed charges. The balance of the 
fixed charges, plus operating costs, 
are included in a uniform water rate. 
Also, as time goes on, each unit will 
have the right to buy additional water 
or sell unneeded water at the origi- 
nally established purchase price, cor- 


14 ‘ LOUIS E. AYRES Jour. AWWA 


rected for compound interest to the References 
f h sale. 
kland C 1. History of the Detroit Water Works. 
ou heastern an ounty Board of Water Comrs., Detroit, Mich. 
Authority will have increased its esti- (1853). 
mated water demand in 10 years 2. Annual Report. Board of Water Comrs., 
(1950-60) to the growth anticipated Mich. 
for 20 years (1950-70). The contract Report, or Water Comrs., 
Detroit, Mich. (1876), p. 12. 
has provided for this increase. The 4 Commirree Report. Fundamental Con- 
arrangement is generally accepted as siderations in Rates and Rate Struc- 
successful and equitable. It affords 
10 State Law J., 
an alternative method for the financing. Weter and 
and cost allocation of regional water age Works. Proc. 63rd Ann. Public 
supplies elsewhere. Works Congress (1957), p. 196. 


Reprints Available 


Reprints of the following articles, published in the JournaL during the preceding 
year, will be available from the Association in small quantities, at the prices noted, 
until the present stock is exhausted. Order by reprint number and author’s name 
from: Order Dept., American Water Works Assn., Inc., 2 Park Avenue, New York 
16, N.Y. Prepayment required on orders under $2. (Note: This list does not 


include standards and similar documents kept permanently in stock.) ' 


| Price 

Author Jounsat. | Pages | 
| 
R720 | PANEL DiscussION Meter Setting Nov 57 19 | 30¢ 
R721 | Task Group REPORT 1956 Fluoridation Status Nov57 | 8 | 20¢ 
R722 | Starr REporT; SEIDEL | 1955 AWWA Operating Data May- 196 | $1.25 
& BAUMANN; PoRGES Survey and Analysis; USPHS | Dec 57 | 
Survey 

R723 | SeEmpEL & BAUMANN; 1955 Statistical Analysis; Dec 57 
PORGES USPHS Survey 
R801 | AWWA Report Membrane Filter Procedure Jan 58 
R802 | WELMON California Service Rules Jan 58 | 
R804 | RENSHAW, BOHANAN Irrigation Water Mar 58 | 
R805 | COMMITTEE REPORT Water Hammer Allowances Mar 58 
R806 | LADUE Manager’s Responsibilities Mar 58 
R807 | BARTHOLOMEW, SiLveEy | Odor Control With Copper | Apr 58 
R808 | Martin, WHITE Vehicular Safety Apr 58 | 
R809 | AWWA Po icy Reservoir Recreational Use May 58 | 
R812 | Task Group Report | Artificial Recharge Jul 58 | 
R813 | THoMAN & JENKINS 1956 USPHS Survey Aug 58 
R814 | Metz1GER, GULLANS, Fluoride Availability Aug 58 
STAFF REPORT 
R815 | Wess, HicKMAN, ALLEN | Safety Programs | Aug 58 
R818 | PANEL DiscussIon ; | Water Rights Law | Oct 58 
WoLMAN 
R819 | Conway Fluoridation Law Oct 58 


| | | 


Initiating a Safety Program in the Philadelphia 
Water Department 


Victor A. Appleyard 


A paper presented on Jun. 25, 1958, at the Pennsylvania Section Meet- 


ing, Erie, Pa., by Victor 
Water Dept., Philadelphia, Pa. 


ANY articles on water depart- 

ment safety and a safety manual 
(1) have been published by AWWA. 
The National Safety Council, Chicago, 
has also published a great deal of in- 
formation on this subject. However, 
most of the published information is 
in general terms and covers funda- 
mentals only. When it comes to 
translating :the data into a planned 
program for a specific organization 
the water official must become truly 
realistic and practical. 

What works for one organization 
may not for another. This stems from 
the fact that every organization has a 
personality, made up of the composite 
thinking of a number of its executives 
and all of its supervisory personnel. 
The policies and working organization 
stem from these men and that is why 
all water utilities are different, a fact 
that must be recognized when starting 
a safety program. Therefore, setting 
up a program is not a simple assign- 
ment, especially in a medium-sized 
water company or department. 


Background 


In 1952 Philadelphia started operat- 
ing under a new city charter which 
combined the water and sewer utilities 
into one department. 


The revenue 


A. Appleyard, Chief of Water Operations, 


received for these services can, under 
this charter, only be used to operate 
the department and the department’s 
commissioner has the responsibility of 
operating it as a self-sustaining unit. 
Revenue must equal expenses. This 
reorganization started Philadelphia’s 
water department off on a sound basis. 

In 1953 all employees of the depart- 
ment were reclassified—a tremendous 
task. By this time the department had 
launched a large rehabilitation and new 
construction program, costing about 
$30,000,000 per year. 

In spite of the inevitable confusion 
during the period 1952-53 the safety 
of the employees was not forgotten by 
the executives of the department. An 
informal safety program was in effect 
throughout the department, emanating 
from the commissioner and imple- 
mented by the supervisory staff. One 
division established some procedures 
and a formal program. 

The department has four major divi- 
sions: water operations, with 1,040 
employees; sewer operations, with 
265; design and construction, with 
340; and administration, with 55. 
Altogether the department has a total 
of about 1,700 employees. The safety 
engineer functions in the administra- 
tion division, which is under the au- 
thority of the commissioner’s office. 
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Beginning of Program 

In November 1955 the commissioner 
created a five-member departmental 
safety committee under the chairman- 
ship of the author. All four depart- 
mental divisions were represented on 
this committee. The committee’s as- 
signments were to: reorganize the 
safety and accident prevention pro- 
gram; standardize safety practices and 
procedures and recommend new ones; 
work with the National Safety Council 
and the local safety council in order to 
introduce current safety practices; and 
set up safety subcommittees within the 
department’s units. A further respon- 
sibility of the committee was to review 
all accident and safety reports, develop 
statistics from them, and utilize this 
information to reduce the accident rate. 

The departmental safety committee 
met fairly regularly but too much time 
elapsed between meetings. Most of 
the committee members were line 
supervisors, and the departmental re- 
organization going on left little time 
to devote to the details of setting up 
an adequate safety program. The 
committee decided that the best ap- 
proach to the whole problem was to 
find out what the department’s safety 
record was, particularly in the various 
operating units. A survey of accident 
reports, however, showed that: 

1. Many reports were not complete 

2. There were often serious delays 
in processing reports 

3. Not all accidents were reported 

4. Many reports were not followed 
up and no statistics were compiled 

5. No differentiation was made be- 
tween chargeable and unchargeable 
accidents. 

In other words, the department had 
been “preaching” safety but doing 
little to achieve it. The committee’s 
conclusion was that a full-time em- 
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ployee was needed to head the pro- 
gram. A safety engineer job classi- 
fication was created, and a man was 
hired as department safety engineer 
in February 1957. 

In 1956 the department had a thor- 
ough review made of the motor vehicle 
accidents for 1955. This area seemed 
to need the most immediate attention. 
The accident records available were 
excellent, probably because the State 
Motor Vehicle Bureau requires acci- 
dent reports within 24 hr if personal 
injury or $100 in property damage is 
incurred. One action that was taken 
by the department as a result of this 
review was to require a physical exami- 
nation—paying particular attention to 
the eyes—of its drivers who had had 
two accidents within 12 months. So 
far this action has been quite effective ; 
to supplement it the department is now 
instituting a driver test by the state 
police to cover vision, distance judg- 
ment, steering, brake reaction, and field 
of vision. 

Since the safety engineer was em- 
ployed, the committee has implemented 
the program with much more vigor. 
Records have now been set up in a 
system and monthly statistics which 
can be relied upon are available. 
These statistics were put to use when 
the safety engineer discovered that the 
department’s ratio of lost-time to no- 
lost-time injuries was grossly out of 
alignment compared to national statis- 
tics. This was investigated and it was 
learned : 

1. Philadelphia’s clinics and doctors 
were extremely liberal in permitting 
an injured employee a day or two off 
for a very minor injury. 

2. The method of processing an in- 
jured employee at the clinic permitted 
him to take time off and the supervisor 
could not challenge him without 
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spending an excessive amount of ad- 
ministrative time on the problem. 
Corrective action has been taken and 
there has been a considerable improve- 
ment in the department’s record. 


Safety Subcommittees 


Accurate records and expeditious 
handling of accident cases do not pre- 
vent accidents. A third step was 
therefore instituted by the committee: 
the formation of safety subcommittees 
in all operating units. A review was 
made of the safety committees already 
in existence in the department’s three 
sewage treatment plants. They con- 
sisted of three men—workmen—who 
made a plant inspection about once a 
month and reported to the supervisor 
in charge of all the plants. The de- 
partmental safety committee, after due 
consideration, felt that similar sub- 
committees should be set up in the 
water operations division. There are 
six major sections in the water opera- 
tions division: pumping, distribution, 
filtration, meters, plant maintenance 
and garage, and customer service. 

The committee directed the safety 
engineer to interview the section 
supervisors after orders had been is- 
sued for the setting up of safety sub- 
committees. As could be expected he 
encountered varying degrees of co- 
operation, ranging from the prompt 
appointment of a three-man commit- 
tee to “It can’t be done by my shop.” 
This latter attitude was resolved by 
having a higher-level supervisor not 
only support the program but also meet 
the men in that shop, with the safety 
engineer, discuss the problem and re- 
solve it. It should be mentioned that 
the department’s management is com- 
pletely in favor of the safety pro- 
gram—an essential requirement for its 
success. 
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The subcommittees generally consist 
of three men. A foreman can be a mem- 
ber but workmen are usually preferred 
in order to keep it at a “grass-roots” 
level. Each subcommittee has a chair- 
man, a vice-chairman, and a secretary. 
Each member serves 2 months in each 
capacity. The terms are staggered so 
that every 2 months the chairman 
leaves the committee, a new member 
is appointed secretary, and the other 
two members become chairman and 
vice-chairman. This procedure guar- 
antees continuity and gives everyone a 
chance at the coveted position of chair- 
man. With the right guidance the 
members will continue to be safety 
exponents long after serving on the 
committee. 

Each month an inspection is made 
of the plant or plants by the subcom- 
mittees. The members are given a 
check-off sheet—with room for com- 
ments—to guide them on points it is 
especially important to inspect. Their 
report is submitted to the supervisor 
of their respective area, with a copy 
to the safety engineer. They take part 
in a safety meeting called by the super- 
visor and their recommendations are 
discussed. The safety engineer fol- 
lows up the reports with the supervisor 
if requested to do so or if a particular 
recommendation is repeated in two 
successive reports, indicating that no 
action has been taken by the super- 
visor. If a policy decision must be 
made it is referred to the department 
safety committee. 

There are sixteen subcommittees in 
the water operations division: two in 
pumping, four in filtration, two in 
meters, two in distribution, three in 
sewer treatment plants, one in sewer 
maintenance, one in plant maintenance 
and garage, and one subcommittee in 
construction. 
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Results 


From its beginning the safety pro- 
gram has had a good general reception. 
The departmental safety committee is 
convinced that the department’s safety 
record will reflect the efforts being 
made. The committee calculates that 
this organization in safety will cost the 
department about 30 man-days per 
month, or only 0.08 per cent of total 
man-days worked in the department. 
According to the department’s lost- 
time record for the first 5 months of 
1958 347 man-days were lost as com- 
pared to 747 man-days lost in a similar 
period in 1957. Disabling accidents 
were reduced from 49 to 37 for those 
same periods. To those managers who 
want a “payoff” on a program, here it 
is. An additional factor is the im- 
proved employee morale. It can easily 
be agreed that working the safe way 
is also one of the most efficient ways. 

Even previous to the formal begin- 
ning of the safety program steps were 
taken which showed that management 
and some of the employees were aware 
of the problem. Safety material, such 
as hard hats for ditch gangs and first- 
aid kits in all plants and vehicles, was 
distributed in a number of areas. 
Traffic cones and barricades were fur- 
nished for street-working teams. In 
spections by the Philadelphia Fire De- 
partment led to the installation of fire- 
fighting equipment. Working clothes, 
goggles, face shields, and gloves were 
furnished by the Water Department in 
various working areas. 

Many of the executives and employ- 
ees are now thinking seriously about 
safety practices. One day a supervisor 
called the author to request a change 
in the specifications for an order of 
rain gear. The order was about to go 
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out for bids but the author had it held 
up long enough for the supervisor to 
change the specified color from the 
usual black to bright yellow. This was 
a heartening sign of an increasingly 
thoughtful attitude toward safety. 

The committee has asked the depart- 
ment’s safety engineer to write up 
safety standards, first a general one 
for any and all areas and then specific 
ones for individual divisions. This is 
a big job and will take time. In the 
meantime the department is using the 
National Safety Council poster service 
extensively and is distributing maga- 
zines and bulletins. The deparitment’s 
monthly house organ publishes statis- 
tics and general safety news. 

It was decided by the committee to 
enter the National Safety Council’s 
“Safe Driver Award” campaign. In 
1958, 143 awards will be made to em- 
ployees in the department who drive 
regularly and did not have an accident 
in the year 1957. A safety program 
must have targets to hold continuing 
and active interest, and when the tar- 
gets are attained recognition must fol- 
low promptly. 


Summary 


To summarize, the following points 
should be accented in planning a safety 
program : 

1. Top management must be “sold” 
on safety. 

2. A safety committee for the entire 
department should be set up. 

3. For the larger utilities a safety 
engineer should be employed on a full- 
time basis. 

4. Accurate records of accidents, in- 
juries, and other factors should be 
kept. 

5. Accident cases should be handled 
expeditiously. 


Jan. 1959 


6. Safety subcommittees should be 
set up in the divisions and sections of 
the department. 

7. Regular and thorough plant in- 
spections should be made. 

8. A promotion campaign to publi- 
cize safety to the employees should be 
started. 

9. Adequate safety equipment should 
be furnished. 

10. Awards should be made to safe 
drivers and working individuals or 
groups when merited. 

One fact will demonstrate the ef- 
fectiveness of the safety campaign in 
the Philadelphia Water Department: 


WATER DEPARTMENT SAFETY——-PHILADELPHIA 19 


in 1956 the department’s accident 
frequency rate was 39.08 lost-time in- 
juries per 1,000,000 man-hr; in 1957 
the rate had been reduced to 26.41. 
On the basis of this 32 per cent de- 
crease in accidents in 1 year the Phila- 
delphia Water Department has quali- 
fied for the AWWA “Award of Prog- 
ress.” In time the department hopes 
to qualify for the AWWA “Award 
of Honor” for a frequency rate of less 
than 10. 
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Laboratory Culture of Taste- and Odor- 
Producing Aquatic Actinomycetes 


J. K. G. Silvey and A. W. Roach 


A contribution to the Journal by J. K. G. Silvey, Director and Prof. 
of Biology, and? A. W. Roach, Prof. of Biology, both of the Div. of 


Science, North Texas State College, Denton, Tex. 


The study de- 


scribed is being supported by Research Grant E-558 from the Na- 
tional Institutes of Health, USPHS, Washington, D.C. 


IHERE are many opinions concern- 

ing the factors contributing to and 
causative organisms of tastes and odors 
in water supplies. The authors be- 
lieve that the organisms largely re- 
sponsible for the production of earthy, 
musty, and woody odors are the 
aquatic actinomycetes (1). A recent 
paper by Sigworth (2) indicated that 
according to questionnaires most peo- 
ple attributed tastes and odors to algae, 
decaying vegetation, industrial wastes, 
and other causes, in the order named. 
There was some indication that a 
number of people were interested in 
the aquatic actinomycetes and their 
production of tastes and odors. As 
capably explained in that paper, the 
techniques employed for the isolation 
and identification of actinomycetes 
may offer many distressing problems. 
Algae are sufficiently large to be ob- 
served, and because they have been 
continuously associated with occur- 
rences of tastes and odors, it is readily 
understandable that their mere pres- 
ence might be considered sufficient 
evidence for the assumption that they 
are the cause. 

The relationship between the actino- 
mycetes and various types of algae 
has been investigated both in the labo- 
ratory and field (3). By various tech- 


niques it has been found that the 
aquatic forms can be isolated from 
either water, mud, or algae (4, 5). 
Laboratory techniques have been de- 
vised that provide information con- 
cerning the life-history and morphol- 
ogy of the actinomycetes. Information 
is now available concerning the condi- 
tions under which the actinomycetes 
may grow, the stages they assume, and 
some of the varieties of taste and odor 
associated with these stages in natural 
waters (6, 7). 

The purpose of this paper is to de- 
scribe some techniques and equipment 
designed for rearing the aquatic actino- 
mycetes and the methods for the con- 
centration and study of the taste and 
odor compounds. Some of the larger 
laboratories associated with water puri- 
fication plants or state and city health 
departments may be interested in in- 
vestigating some of the techniques de- 
scribed. The results obtained are en- 
couraging and make it possible for the 
taste and odor compounds to be stud- 
ied during periods when they are not 
present in the raw water supplies. 
The techniques offer adequate oppor- 
tunities for study of the biochemistry 
of these organisms and for chemical 
studies on the taste and odor com- 
pounds they produce. 
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Life History and Morphology 


In order to familiarize the reader 
with the conditions that are necessary 
for the growth of the aquatic actino- 
mycetes, some general remarks should 
be made concerning their life history. 

The aquatic forms are primarily 
aquatic because of the requirements of 
the primary stages of the actinomy- 
cetes. Spores arise from the sec- 
ondary stages and germinate in the 
aquatic environment, giving rise to 
minute, ball-like structures whose mor- 
phology and characteristics are differ- 
ent from those of the larger secondary 
stages (7). In an aquatic environment 
the primary stages may form in the 
fluid medium at various depths, de- 
pending upon nutrients, the concen- 
tration of oxygen, and thermal condi- 
tions. The spores will not germinate 
without oxygen. This is why lakes 
in a state of thermal stratification may 
occasionally have actinomycete tastes 
and odors. At the termination of ther- 
mal stratification with either the spring 
or fall turnover, depending upon the 
geographic location, the lake may he- 
come homothermous for a period of 
time and contain dissolved oxygen 
from the surface to the bottom. In 
such instances the primary stages grow 
throughout the body of water. This 
applies to natural lakes, rivers, and 
to artificial reservoirs. Temperatures 
below 7°C inhibit development of all 
stages. The optimum for most species 
appears to be around 25°C although 
they will grow at lower temperatures, 
particularly in the Middle West. 

In addition to moderate tempera- 
ture and oxygen, organic carbon and 
some form of nitrogen are necessary 
for the development of the primary 
stages. If these stages become ex- 
posed to the air, drying effects reduce 
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the viability of these forms, and growth 
ceases. The extent of development 
that the colony attains under a given 
set of conditions is dependent upon 
the species or variety under investiga- 
tion. Most of the species found in 
the United States produce primary- 
stage colonies that measure less than 
1 mm in diameter. They are rather 
diffuse in form and vary in color from 
bright yellow to brown, depending on 
the variety. Collection of the primary 
stages from natural waters is difficult 
because fragmentation occurs and the 
filaments composing the colonies are 
so small that even microscopic obser- 
vations are difficult. Moreover, the 
transparency of the filament. dupli- 
cates that of the water, and staining 
techniques must be used in order to 
distinguish the organisms. 

The duration of the primary stage 
is normally very brief. This, of course, 


is dependent upon the general condi- 
tions of nutrition, the organisms asso- 
ciated with the actinomycetes, and the 


temperature of the water. The pri- 
mary stages during their development 
may produce organic compounds that 
diffuse into the water and contribute 
to tastes and odors. They may occur 
concomitantly with larger organisms 
to which the taste and odor compounds 
produced by the primary stages are 
frequently attributed. The typical 
odor compounds produced by the pri- 
mary stages are fishy, grassy, hay-like, 
and potato bin. At the conclusion of 
the primary stages, the odors may 
either be reduced or completely altered. 
The primary stages give rise to inter- 
mediate gametes, or sexual stages, that 
unite to form motile secondary stages. 
These :.:< produced in spring, summer, 
or fall in most water supplies—when- 
ever conditions throughout the lake, 
river, or reservoir are conducive to 
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their development. In shallow reser- 
voirs, or rivers that are consistently 
well-mixed, these organisms may grow 
from early spring through late fall. 
The secondary stages of the aquatic 
actinomycetes are larger and their col- 
ony development is more diverse. The 
filaments comprising a colony are large 
enough to be readily discerned in a 
microscopic field. Because their trans- 
parency is about the same as that of 
water, they are not readily observed 
unless they have been properly stained. 
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mycetes often grow best on the margin 
of a lake, stream, or reservoir. Muddy 
shoals with white or grey growths near 
the waterline have been observed by 
most water utility personnel. More 
detailed observations reveal that the 
organisms also grow attached to the 
mud, sand, and algal mats beneath the 
water surface. In reservoirs where 
prevailing winds cause a shift in water 
level the actinomycete growth may be- 
come so dense as to form a continuous 
mat that from time to time is covered 
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Diagram of the Nutrition Tube 


This is the nutrition tube as set up for the experiments, except for the receiver vial, 
which was not usually attached. The receiver vial was used to collect any byproducts 
of the actinomycetes that might have been released into the air stream. 


Secondary stages may either exist in 
a subaquatic environment or become 


emergent, depending upon the vari- 
ety (8). Those forms that grow sub- 
merged give rise to musty, earthy, and 
woody odors that commonly occur at 
the same time or slightly after diatoms 
or blue-green algae bloom. The proc- 
esses of the biodynamic cycle that give 
rise to the aquatic actinomycetes are 
similar from a nutritional standpoint 
to those that give rise to algae. The 
secondary stages of the aquatic actino- 


by the receding water. These areas 
exhibit intense odors. 

The secondary stages of the aquatic 
actinomycetes normally give rise to 
two types of spores, both growing 
within the same colony. One group of 
spores will form a cluster, composed 
of two, three, or four spores. The 
other variety, produced either at a 
later time or simultaneously, occurs in 
chains. Because the aquatic forms 
produce both types of spores simul- 
taneously or in alternating sequences, 
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it is apparent that they differ biologi- 
cally and morphologically from the 
actinomycetes described from other 
environments. 

There are numerous methods by 
which actinomycetes may be investi- 
gated in the laboratory. They may be 
reared in test tubes on a solid or liquid 
medium, in petri dishes on solid me- 
dium, or in flasks or larger containers 
on various types of media. It is read- 
ily understandable that the normal, 
routine laboratory procedures could 
not be used in a comprehensive study 
of the nutritional requirements of these 
actinomycetes. A study of their nu- 
trition that did not include the pro- 
duction of taste and odor compounds 
would hardly reveal all of the ramifica- 
tions of their life history. Because 
these organisms are important from 
the standpoint of taste and odor but 
not for antibiotic production, equip- 
ment had to be designed that would 
make it possible to study several fac- 
tors simultaneously. 


Nutrition 


The culture containers provided for 
nutrition studies were test tubes, 50 
x6 cm. The total assembly is illus- 
trated in Fig. 1, which shows the air 
inlet, air outlet, and injection tube for 
the introduction of spore suspensions. 
Sterile air in measured volumes was 
passed through flowmeters to each 
tube so that volumetric determinations 
(in liters per hour) could be made of 
the quantities of odor-producing mate- 
rials liberated from the tubes. Bat- 
teries of twelve culture tubes were as- 
sembled so that a single species of 
the actinomycetes could studied 
with various available nutrients. Fig- 
ure 1 illustrates the nutrition tube as it 
was equipped for the studies on liquid 
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medium. A known quantity of large 
ceramic (berl) saddles was added to 
each of the culture tubes at the time 
of dry sterilization to provide a sub- 
strate for the growth of the actino- 
mycete mat and so that gravimetric 
determinations could be made of the 
amount of actinomycetic mat. In the 
routine use of the nutrition tube it 
was assembled as shown in Fig. 1 ex- 
cept that the receiving vial was not 
attached. The entire assembly was 
autoclaved in a dry state, after which 
sterile nutrient was added and reauto- 
claved. After it had cooled in the 
sterilizer, each. tube was removed and 
mounted on the plexiframe and at- 
tached to the sterile air system. The 
injection point was comprised of a 
glass tube closed on the outer end by 
a rubber vacuum cap so that spore 
suspensions could be injected into the 
nutrition chamber. The air inlet ad- 
mitted calibrated quantities of air con- 
tinuously and any actinomycete by- 
products in the air stream were 
scrubbed out in the receiving vial. 
Each vial was immersed in a small 
Dewar flask and maintained at a tem- 
perature of O°C in order to increase 
the solubility of the escaping vapors 
in the water. Wherever it was desira- 
ble to retain all materials in the air 
stream the vials were partially sub- 
merged in a Dewar flask containing a 
mixture of acetone and solid carbon 
dioxide so that the odor compounds 
were frozen. This provided a means 
for calculation of total organic mate- 
rials produced with a particular nu- 
trient by either the primary or sec- 
ondary stages of a known species of 
aquatic actinomycete. The upper out- 
let could be used when the necessity 
arose to bypass air because no growth 
occurred or because it was desirable 
to bring about rapid evaporation of the 
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liquid medium. The depression point 
drain was provided so that liquid me- 
dium could be removed at any time 
and subjected to analysis in order to 
determine the amount of unused mate- 
rial. Figure 1 shows the volume 
markers of each tube, which were cali- 
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Solid medium was employed in the 
initial studies on actinomycete nutri- 
tion. The primary investigation was 
of the effects of inorganic compounds 
on various species of aquatic actino- 
mycetes. In the study of nutrition 
requirements on solid medium, some 


TABLE 1 
Efficiency of Nutrients for Waksamara brevipyrosporulata Cultures 


Chlorine 
ppm 


Test Period Potassium 
days y ppm 


Ammonium 
ppm 


Chemical 
Oxygen 
Demand 

ppm 


Mycelium 


Sucrose (dry wt.) 


per cent 


Nitrate 
mg per centt 


Tube 1* 
5 


10 
15 
20 
25 930 


952 
940 
932 
921 
916 


942 
920 
911 
906 
902 


916 


908 


918 
918 
916 
912 
912 


950 
10 940 
15 936 
20 930 
25 918 


700 
600 
522 
504 


810 
710 
620 
532 
516 


1.6 
274 — 
3.2 


264 0.4 


281 3.2 
273 
270 2.8 
264 — 
363 1.2 


280 6.4 
270 
268 4.6 
260 
260 2.0 


280 | (9.6 
270 | — 
268 | 7.0 
266 


260 5.6 28.0 


* Medium was 0.2 per cent KCl, 0.4 per cent NH4«NOs, plus tap water; sucrose contents for Tubes 1-4, respec- 


tively, were 2, 4, 8, and 12 per cent. 
++K 


Key: G, grassy; F, fishy; Ma, marshy; Ms, musty; W, woody; E, earthy. Within the column, dagger indicates 


a strong odor. 
t Milligrams per 100 g. 


brations in the region of the rubber 
stopper. The calibration showed the 
volume at the time the tube was first 
put in service, as well as the residual 
volume, so that analytical determina- 
tions on the medium remaining could 
be brought into equilibrium properly. 


type of measurement was necessary to 
evaluate the growth of the secondary 
mycelium, or mat. One species of 
aquatic actinomycetes was used in each 
sequence of 12 tubes introduced as a 
measured spore suspension. An illu- 
minating device was made that would 


= 
| 
. | 960 922 815 1.2 
920 | 720 
920 640 3.6 
920 560 266 4.4 
916 540 4.8 
Tube 2* | ; 
920 810 1.6 
10 | Ma 918 710 2.8 
15 Mst 918 630 4.2 an 
20 «| W, Et 916 540 5.8 
25 Et 914 520 7.6 12.6 
Tube 3* | 
5 |F,Ma 918 800 1.8 
10 Mat 3.9 
15 W, Et 916 5.9 a 
20 Et 912 | 87 = 
25 Et P| | 11.4 38.4 J 
Tube 4* | 
1.6 
| 3.0 we 
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fit securely onto the top of each of the 
horizontal nutritional tubes. The in- 
strument projected a beam of light that 
was picked up on the opposite side and 
was so calibrated as to read in terms of 
absorption or transmission of the light 
beam by the agar-agar medium. Vari- 
ous colored light sources were tried in 
order to determine minimum absorp- 
tion, although none was superior to 
the light characteristics produced by an 
ordinary tungsten bulb. To determine 
the effect of any nutrient on colony 
development, readings were made of 
light absorption through two tubes con- 
taining a medium of 3 per cent agar- 
agar in water; these were controls in 
this study. Because all nutrition tubes 
contained a medium of similar thick- 
ness and none of the nutrients affected 
the absorption of light, it was assumed 
that an increase in absorption was 
caused by more prolific growth of 


secondary mycelia as a response to 
specific nutrients. 

The inorganic nutrients investigated 
in the first set of nutrition tubes were 


chlorides of potassium, magnesium, 
sodium, calcium, aluminum, and iron. 
The only cation that appeared to stimu- 
late mycelial development was potas- 
sium, although it was obvious that 
chlorides alone gave an inadequate 
anion source for good growth. In 
continued studies, the same cations 
were included, supplemented by ammo- 
nium and varieties of anions, such as 
sulfates, bicarbonates, phosphates, ni- 
trates, and nitrites. In all, fifteen sets 
of twelve nutritional tubes were stud- 
ied over a period of about 2 years. It 
was found that sodium, magnesium, 
calcium, iron, and aluminum were tol- 
erated by, although not snecifically re- 
quired for, development >t secondary 
stages on the 3 per cent agar-agar. 
Potassium : stimulated growth in all 
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species of actinomycetes investigated. 
The concentration producing optimum 
growth appeared to be considerably 
higher than would be encountered in 
nature. It is possible that supplements 
of organic nutrients might reduce the 
quantity of required potassium. Of 
the anions it was found that nitrates 
were readily metabolized, whereas sul- 
fates, chlorides, and bicarbonates were 
important in affecting the hydrogen- 
ion concentration, but otherwise in- 
effective. The presence of orthophos- 
phates in all media was necessary for 
growth. The quantities required were 
0.02-0.14 ppm, depending on the spe- 
cies. Phosphates, sulfates, chlorides, 
and bicarbonates were included in the 
basic medium in all instances in quan- 
tities necessary to adjust the pH to 
6.8-7.2. It was concluded from these 
nutrition investigations that the aquatic 
forms demanded some type of organic 
carbon; as long as agar-agar is availa- 
ble, it appears to be adequate to supply 
the quantities desired. Some form of 
nitrogen is necessary for the growth of 
actinomycetes. It appears that either 
nitrate or ammonium may serve to 
bring about growth, although ammo- 
nium is definitely superior. Organic 
nitrogen compounds were not investi- 
gated, but they are being considered 
in current studies, and it is obvious 
that they are much more efficient. 
Nutrition investigations employing 
liquid medium were initiated soon after 
the nutrition tubes were shown to be 
efficient for metabolic studies. The 
medium was composed of potassium 
chloride, ammonium nitrate, sucrose, 
and tap water containing 255 ppm so- 
dium, 155 ppm sulfates, 210 ppm bi- 
carbonates, and 0.2 ppm phosphates. 
One variable constituent was included 
in each battery of four tubes. For ex- 
ample, when potassium chloride and 
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ammonium nitrate were in constant 
quantities, the amount of sucrose was 
varied from 20 to 100 g/l (Table 1). 
The nutritional tubes in each instance 
were injected with the same species of 
actinomycete. Chemical studies were 
done on samples of the medium that 
were collected from the tubes every 5 
days for a period of 25 days. The 
potassium residuals were determined 
on a flame photometer *; chlorides 
were titrated; ammonium was deter- 
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pounds obtainable by this technique. 
The results show that concentrations 
of 0.8 ppm odor compounds may be 
accumulated in water in a period of 
24 hr at room temperature. Immer- 
sion of the receiver vial in ice water 
for the same period will yield 5 ppm, 
whereas immersion of the vial in car- 
bon dioxide and acetone produced a 
sample containing 200 ppm odor com- 
pounds. At the termination of a 25- 
day period of growth, the mats of the 
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Fig. 2. Diagram of the Culture Chamber 


The culture chamber was used to study the byproducts of actinomycete metabolism 


as the organisms developed. 


They were introduced into the chamber at the earliest 


(spore) stage of their life cycle. 


mined by  nesslerization; the 
amount of sucrose evaluated by use 
of a refractometer. Studies on the 
exhausted volatile organic byproducts 
produced during development of the ac- 
tinomycetes included chemical oxygen 
demand and quantity of materials accu- 
mulated. These data are incomplete, 
but they are of value because they 
show the concentration of odor com- 


* Model DU; a product of Beckman In- 
struments, Inc., Fullerton, Calif. 


actinomycetes were removed from the 
tubes, disassociated from the berl sad- 
dles, and weighed (Table 1). In these 
investigations the efficiency of the nu- 
trients was judged on the basis of the 
total weight of the mat produced in 
25 days. Optimum quantities of each 
nutrient were evaluated on the same 
basis. It is interesting to note that 
the ingredients that stimulated growth 
on the agar-agar were effective in 
stimulating growth in a liquid medium. 
Current investigations indicate that 
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other available sources of organic car- 
bon are far superior to sucrose. Also, 
organic nitrogen stimulates more col- 
ony development and enhances odor 
production. The techniques and equip- 
ment afforded an opportunity to study 
the aquatic forms in considerable de- 
tail and to evaluate them in regard to 
their requirements. 


Chemical Byproducts 


During the last 5 years experiments 
have been performed with the various 
types of equipment that can be used 
specifically to study the taste and odor 
compounds increased by the actino- 
mycetes. Figure 2 represents a type 
of chamber that has been used during 
the past 2 years with unusual success. 
The major problem in using large cul- 
ture chambers for metabolic studies 
has been to produce a sterile area for 
culture growth. This problem was 
solved by the type of construction 
shown in Fig. 2. In practice, a cul- 
ture column was assembled from parts 
that had been meticulously cleaned. 
The chamber was mounted in a level 
horizontal position and electrical con- 
nections were made from a rheostat 
to the copper electrodes. The chromel 
element was heated until temperatures 
of 140-180°C were obtained on the 
interior of the column over several 
hours. Sterile air was continuously 
flowed through the column as it was 
heated so as to be certain that the 
rubber stopper inserts were sterilized. 
These were the areas that offered the 
greatest resistance to sterilization, and 
experience revealed that the continu- 
ous passage of heated air was the most 
successful technique to employ. Once 
the culture chamber was dry-sterilized, 
it was filled with a known volume of 


water and boiled 15-20 min each day 
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for 3 days. The columns were of suffi- 
cient strength that pressures as high as 
22 psi of steam could be obtained with- 
out danger to a laboratory worker. 
The slow method was preferred, how- 
ever, because there were occasional in- 


. visible weaknesses in construction of 


the glass tubing. After the water had 
been sterilized as shown by negative 
cultures, it was heated to boiling, the 
current was suddenly cut off, and a 
flask of concentrated medium was si- 
multaneously attached to the upper 
outlet of the culture chamber. All 
connections to the chamber were closed, 
including the airflow connection. As 
the partially evacuated chamber began 
to cool, the medium concentrate was 
aspirated into the interior. The total 
volume of liquid medium was so pre- 
pared as to amount to approximately 
3,000 ml. The composition was vari- 


able but always contained potassium, 


sodium, calcium, sulfates, chlorides, 
nitrates, phosphates, bicarbonates, am- 
monium, organic nitrogen, and sources 
of organic carbon. On the first, sec- 
ond, and third days after the medium 
was added to the culture chamber, it 
was boiled for a period of 20 min. 
Samples of the medium were collected 
from the depression point drains and 
subcultured on the third and fourth 
days. If all cultures were negative, a 
spore suspension of 10 ml of an aquatic 
actinomycete was added at each injec- 
tion point. In 24 hr the growth of the 
primary stages appeared as flocculant 
masses in the lower part of the cham- 
ber. Later the secondary stages were 
observed submerged in the medium, 
floating on the surface, or attached to 
the asbestos-covered core. 

The purpose of the culture chamber 
was primarily the study of the byprod- 
ucts of the metabolism of the actino- 
mycetes as they developed. The com- 
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pounds that have been studied, which 
do not volatilize, but remain in the me- 
dium, do not appear to be of impor- 
tance in producing the musty, woody, 
or earthy tastes and odors. Conse- 
quently, the equipment used served ad- 
mirably for studies of these organisms 
and is adaptable to numerous problems 
involving plants or animals that pro- 
duce volatile compounds. 


Culture Chamber Investigations 


The investigations on the aquatic 
actinomycetes so far have considered 
four of the eleven species described 
from the collection. Because docu- 
mentation is incomplete on the taxon- 
omy of the aquatic actinomycetes, a 
description will be given of the general 
characteristics of those studied. As 
mentioned earlier, the primary stages 
of the aquatic actinomycetes occur in 
submerged culture and are small and 
difficult to observe. Approximately 12 
hr after the injection of a spore suspen- 
sion, diffuse masses of primary stages 
could be discerned on the lower side 
of the culture chamber. As the masses 
became apparent, the exhausted air 
from the chamber became laden with 
volatile materials that had a fishy odor. 
After 24 hr the odor generally became 
grassy, and after 1-2 days it was hay- 
like. At this time small flecks of the 
secondary stages developed around the 
periphery of the liquid medium or on 
the asbestos core. At this stage in 
development the types and intensities 
of the odors began to vary. Certain 
species produced swampy, marshy, or 
cucumber-like odors. Others gave off 
musty odors, and two of the species 
investigated did not give off marshy 
or musty odors, but rather produced 
earthy and woody odors. In 5-6 days 
after inoculation the secondary stages 
of the actinomycetes completely cov- 
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ered the liquid medium and core. As 
long as the mat remained moist in the 
chamber, the air flow delivered volatile 
organic compounds. The chamber 
operated 2-3 months, during which 
time substantial quantities of odor 
compounds were exhausted. 
Numerous techniques have been em- 
ployed in an attempt to concentrate the 
organic components elaborated by the 
actinomycetes. Cold water was used 
to concentrate the byproducts, and in 
that manner samples with a threshold 
odor of 2,000 were obtained. Ex- 
traction and drying of these samples 
indicated that the organic compounds 
occurred in concentrations of 0.14-0.8 
ppm. The chemical nature of these 
compounds has been explored for sev- 
eral years. The components were di- 
vided in acid, basic, and neutral frac- 
tions and studied on the infrared 
spectrophotometer. Unfortunately, so 


many groups are present that accurate 
determinations are not possible. A 
few of the compounds have been iden- 


tified microchemically. In general, 
however, these taste and odor com- 
pounds are so readily oxidized that 
derivative formation and purification 
are not successful techniques. Investi- 
gations with activated carbon have 
been performed with varying degrees 
of success. Carbon immersed in 
water and connected directly to cul- 
ture chambers soon becomes saturated 
with odor compounds. If the carbon 
is kept cool, it appears to have greater 
accumulating capacity. When the odor 
compounds begin to flow through a 
carbon column that has been in service 
for several weeks, only small quantities 
of the compounds are adsorbed and it 
is therefore assumed that the carbon 
is saturated. In the desorption studies 
carbon samples were dried and ex- 
tracted with chloroform, ether, or alco- 
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hol. The solvents were evaporated 
and gravimetric data were accumu- 
lated. The byproducts recovered by 
this technique were resinous and bore 
no resemblance to the original com- 
pounds insofar as odors were con- 
cerned. The extraction of wet carbon 
with the same solvents yielded greater 
quantities of organic compounds, but 
the dry residues, again, had none of 
the odor characteristics of the original 
material. It was concluded that these 
techniques were of little value in accu- 
rately determining the chemical na- 
ture of the compounds. There is one 
procedure that has been successful in 
the recovery of a portion of the organic 
compounds that had been adsorbed on 
carbon. This method is based on the 
use of heat and high vacuum for de- 
sorption, with subsequent collection in 
water at 0°C. Samples of carbon satu- 
rated with odor compounds were 


placed in large scrub bottles in an 


oven. The bottles were arranged so 
that extended flexible tubing protruded 
from the upper oven outlets. Poly- 
ethylene tubing connected the carbon 
containers to a scrub bottle in a freezer. 
A partial vacuum was placed on the 
bottle containing cold water and the 
carbon samples were slowly heated. 
As the temperature increased, the or- 
ganic compounds were desorbed from 
the carbon and retained in the cold 
water. This is not a quantitative pro- 
cedure, but it appears to be qualitative, 
if distinct odors are any criterion. 
Water samples prepared in this way 
may obtain threshold odors of 10,000 
or more. Infrared analyses made on 
carbon disulfide, chloroform, and car- 
bon tetrachloride extracts of water 
samples resembled analytical results 
obtained from chamber samples. There 
were variations in the tracings, which 
indicated that carbon did not release 
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or adsorb certain groups of organic 
compounds, and that method of collect- 
ing odor compounds was ultimately 
abandoned. These results indicate 
that raw-water collections of odor 
compounds would yield inconclusive 
results and unrepresentative data. 

A recent development (Fig. 3) has 
proved successful from the standpoint 
of concentrating the taste and odor 
compounds. The scrub bottle may or 
may not be used in the system, depend- 
ing upon the study in progress, If it 
is desirable to remove the basic com- 
ponents, acid is added to the scrub 
bottle and the acid components are 
collected as frozen concentrates. In 
a similar fashion a basic fluid may be 
substituted in the scrub bottle, in which 
case the basic components may be col- 
lected. If it is desirable, the scrub 
bottle may be removed from the cir- 
cuit and all the compounds frozen out. 
The sterile-air stream is dry when it 
enters the culture chamber, and in 
passing through an atmosphere above 
a liquid medium it not only acts as 
a vehicle for transporting volatile or- 
ganic compounds, but it also becomes 
saturated with water. Thus, the 
frozen concentrate contains 60-98 per 
cent water, depending upon the amount 
of organic compounds being produced. 
If the exhausted air is directed through 
a scrub bottle containing inorganic 
compounds that are dehydrating but 
unreactive to the organic components, 
then almost pure crystals of the odor 
compounds may be obtained. All odor 
compounds do not freeze at —80°C, 
and it may therefore be necessary to 
use liquid oxygen to collect the total 
organic product. These organic com- 
pounds are subject to deterioration 
unless stored in airtight containers or 
preserved by refrigeration. The rapid 
oxidation of the odor comronents poses 
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many problems if analytical techniques 
require exposure of the compounds to 
room temperature and air. 


Newer Analytical Methods 


A number of investigators have 
used gas chromatography for the sepa- 
ration of organic compounds. If the 
kinds of compounds are known, the 
instrument serves a very useful pur- 
pose. Water mixtures are known to 
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and identified individually. This tech- 
nique requires an adsorption tube of 
larger diameter and approximately 6-ft 
length. The adsorbent that has given 
the best results is brick dust. The 
chromatographic tube is usually con- 
nected to a culture chamber with a 
drying tube interconnecting both units. 
A helium source replaces the sterile 
air and the volatile organic compounds 
are swept from the culture chamber 


Flexible Tubing 


Large Dewar 
Flask 


CO,+Acetone 


Frozen 
Concentrate 
(Taste and 

Odor 
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Fig. 3. Collection Apparatus for Taste and Odor Compounds 


Volatile organic compounds are picked up by the air stream passing through the cul- 


ture chamber. 


Because the air becomes saturated with water vapor it is dehydrated 


in the scrub bottle; it then passes into the Dewar flask, where the organic compounds 
are frozen and collected. 


produce tailing in instrumental trac- 
ings, however, and this may lead to 
confusion in making positive identifi- 
cations. As the odor compounds are 
unknown, it would seem that gas chro- 
matography might not yield good re- 
sults. Although the experiments in 
the use of this instrument have been 
only preliminary, it appears that the 
odor compounds may be _ separated 


and through the drying unit to remove 
moisture and adsorbed onto the brick 
dust. This is not common practice, 
but, in this type of investigation, it 
appears to be a useful technique. Once 
the brick dust is saturated, the chro- 
matograph tube is disconnected from 
the culture column and tied directly 
to the helium source. A gas collection 
chamber is set in place behind the 
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chromatograph and the unit is slowly 
heated. This procedure is another 
digression from the normal use of the 
equipment, but if the temperature is 
raised one degree at a time, fractions 
of the odor compounds are desorbed, 
recorded as tracings, and collected in 
the gas chamber for infrared studies. 
The method appears to have considera- 
ble promise; the organic products do 
not degenerate with the same rapidity 
as they do in the presence of air. As 
soon as the helium has operated for 
a few hours on any culture chamber, 
it is replaced by air. There is no dif- 
ferential in the production of the or- 
ganic components produced by the 
growing actinomycetes. One difficulty 
in taste and odor research is that the 
identity of the taste and odor com- 
pounds must be judged solely on the 
basis of the presence or absence of 
odor. Organic solvents have not been 
used, because the volatility of an or- 
ganic solvent and its acute odor would 
normally mask the odor of the organic 
compound and one would not know 
whether one were identifying the com- 
pound as it was when it produced the 
odor, or oxidized fractions, which 
might have no odor at all. Attempts 
have therefore been limited to ana- 
lytical work on compounds whose 
odors are still available for identifica- 
tion. The method described above 
yields a variety of compounds that are 
separated at temperatures of 32-160°C. 
The characteristics of these chemicals 
will be described after more studies are 
completed. 


Culture Column Studies 


The culture chambers may also be 
used for studies of the organisms asso- 
ciated with the aquatic actinomycetes. 
Algae have been raised in the columns 
in order to study their odor-producing 
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capacities. The genera investigated 
were Asterionella, Cyclotella, Ana- 
baena, Aphanizomenon, Eudorina, and 
Gleocystis. It is not certain that these 
cultures were unispecific, but they were 
generally free of bacteria, fungi, and 
actinomycetes as shown by subcultures. 
The only apparent odors that could be 
identified from the algae alone were 
grassy, vegetable, and fruity. On two 
occasions the blue-green algae pro- 
duced putrid odors when the medium 
became depleted in nutrients. In one 
culture chamber a growth of Aphani- 
somenon produced a strong earthy 
odor. Samples of the algae were 
removed, frozen, homogenized, and 
added to a general culture medium. In 
a few days actinomycetes developed 
and in mass culture produced the 
earthy odor. 

No pure algae cultures that pro- 
duced musty, woody, or earthy odors 
in discernible concentrations have been 
reared. When these odors are present, 
they appear to be caused by the pres- 
ence of aquatic actinomycetes. The 
blue-greens furnish a remarkable sub- 
strate for the growth of actinomycetes, 
however, and are the best culture 
media available. Unfortunately, these 
algae are so complex in their own 
physiology that it would have confused 
the problem of nutrition to add addi- 
tional unknowns. The same applies 
to the diatoms, particularly Melosira 
and Cyclotella. Doubtless other gen- 
era would serve as a culture medium, 
but those investigations should be re- 
served for algologists. 

Another point of interest in culture 
chamber research has been the study 
of compounds that reduce or kill the 
actinomycetes. Results with copper 
show that a supply of available organic 
nitrogen renders copper ineffective 
(8). The reader will observe that 


? 
: 
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copper electrodes projected through 
the stoppers were tied to the heat- 
ing units in the chambers (Figs. 2, 
3). The wires were slowly corroded 
during column sterilization so that 2-5 
ppm available copper was present in 
the medium at all times. The culture 
chambers have been used for the study 
of other compounds toxic to the actino- 
mycetes and some very interesting ob- 
servations have been recorded. For 
example, actinomycetes can tolerate 
formaldehyde in concentrations of 10 
ppm and in 5-6 days completely me- 
tabolize it. They also metabolize phe- 
nols in greater concentrations, and 
this may slightly increase their earthy 
odor—producing capacities. As far as 
is known, these forms do not change 
their characteristic odor regardless of 
the source of their nutrition, although 
the intensity of the odor may vary. 
These observations bring up the sub- 
ject of the relationship between the 
natural constituents of raw water and 
those that are considered pollutants. 

The nutrition of the aquatic actino- 
mycetes involves almost any pollutant 
that contains enough organic carbon 
and organic nitrogen to be utilized in 
their metabolic cycle. 

It will undoubtedly be some time be- 
fore anyone can draw definite conclu- 
sions concerning the organic com- 
pounds that naturally occur in water, 
since many pollutants undoubtedly 
are assimilated by actinomycetes and 
other organisms and utilized as a part 
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of their regular metabolic cycles. It 
will be impossible to predict the or- 
ganic compounds in water supplies until 
it is well established what chemicals 
are utilized by or produced by bacteria, 
algae, aquatic actinomycetes, and other 
organisms. Basic investigations in 
these fields should certainly be ex- 
ploited before conclusions are drawn 
concerning the role of waste com- 
pounds in rivers, streams, and lakes. 
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Panel Discussion 


Impoundment and Water Quality 


A panel discussion presented on Mar. 24, 1958, at the Southeastern 


Section Meeting, Atlanta, Ga. 


Reregulation of Impounded Water, Chattahoochee 
River, Ga.—Benjamin M. Hall Jr. 


A paper presented by Benjamin M. Hall Jr., Hydraulic Engr., Wiede- 
man & Singleton, Engrs., Atlanta, Ga. 


HE USGS established a gaging 

station, designated as Chattahoo- 
chee River at Atlanta, Ga., on Paces 
Ferry Bridge, about 24 mi upstream 
from the intake of the Atlanta Water 
Works, in August 1928. It operated 
it until December 1931, when it was 
temporarily discontinued. It was re- 
established in November 1936 and has 
been operated continuously to date. 
Direct records at the station cover a 
period of about 23 years. Other sta- 
tions on the Chattahoochee River in 
the vicinity of Atlanta have been oper- 
ated continuously since 1903 and these 
records have been combined to repre- 
sent the flow at Atlanta from 1903 to 
1955, a period of 53 years. The drain- 
age area at the Atlanta station is 1,450 
sq mi. 


Discharge and Flow Duration 


For the period of direct record, ex- 
tremes of discharge have been: 


Maximum observed: 59,000 cfs on 
Jan. 9, 1946, gage height 28.0 ft 
Maximum daily: 42,100 cfs on Jan 9, 

1946 
Minimum observed: 296 cfs on Sep. 
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Minimum daily: 340 cfs on Oct. 19, 
1954, gage height 1.71 ft 


The average discharge for a period 
of 21 years (through Sep. 30, 1955) 
is 2,534 cfs. 

The USGS has prepared a duration 
curve of unregulated natural daily 
flows at Atlanta for the period 1909-47 
(1). This curve has been extended 
by the author to include the 8-year 
period ending Sep. 30, 1955, and is 
summarized in Table 1. 


Effect of Buford Dam 


The Buford Dam, located on the 
Chattahoochee River about 48 mi up- 
stream from the Atlanta Water Works 
intake, was begun by the US Corps 
of Engineers in 1950. This dam, for 
combined flood control, navigation, and 
power, will give a maximum power 
head of 150 ft, an average power head 
of 136 ft, and a power storage of more 
than 1,000,000 acre-ft with a draw- 
down of 35 ft. In addition, flood stor- 
age capacity above the level of maxi- 
mum power pool will amount to more 
than 600,000 acre-ft. The drainage 
area at the dam site is 1,046 sq mi. 
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The maximum flood of record, 55,000 
cfs, occurred in January: 1946. 

The power plant, which will be used 
for peaking operations, will consist of 
two units of 40,000 kw each and one 
unit of 6,000 kw, a tota! of 86,000 kw. 
It is understood that peak-load opera- 
tion with maximum flows of about 8,000 
cfs will generally be limited to about 
6 hr during the day for 5 or 6 days 
per week. At other times the 6,000-kw 


TABLE 1 
Daily Flow Duration, 1909-55 


Greate | uration, 
8,000 3.5 13 
6,000 6.0 22 
5,000 8.0 29 
4,000 13.5 49 
2,500 35.0 128 
2,000 48.0 175 
1,500 67.5 246 
1,300 75.0 274 
1,000 87.0 318 
800 94.0 343 
700 96.5 352 
600° 98.0 358 
500 99.0 361 
400 99.65 364 
300 99.93 365 
| 


*The average year flows have been equal to or 
greater than 600 cfs for 358 days; conversely, flows 
have been less than 600 cfs for only 7 days of the aver- 
age year. 


unit will be operated normally at 500 
cfs so as to provide a minimum flow 
of 600 cfs at Atlanta (the low-water 
inflow between Buford Dain and At- 
lanta is estimated at 100 cfs). 

The dam was completed in February 
1956 and storage commenced at that 
time. The power plant was recently 
completed and was scheduled to begin 
operating sometime during the summer 


of 1958. 
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Flood Control 


The design flood has been estimated 
by the US Corps of Engineers as 
279,000 cfs, or five times as large as 
the greatest flood of record. It is esti- 
mated that the flood storage affurded 
by Buford Reservoir is sufficient to 
absorb completely a flood of 55,000 cfs, 
such as occurred in January 1946, 
without outflow. The estimated maxi- 
mum outflow for the design flood of 
279,000 cfs would be 28,100 cfs. 

The effect of this large flood storage 
will be to reduce greatly floods at At- 
lanta. These will not be entirely elimi- 
nated, as there are about 400 sq mi of 
uncontrolled drainage area between 
Buford Dam and the Atlanta Water 
Works intake. The USGS estimates 
that at Atlanta the “50-year flood” will 
be reduced by Buford Dam from 
49,000 to 28,000 cfs, a reduction of 43 
per cent. 


Power Peaking During Average Flow 


The US Corps of Engineers has 
prepared a chart, designated as chart 
No. 1, dated January 1951, showing 
the estimated typical flow pattern at 
Atlanta for power operation at Bu- 
ford Dam during a full week of aver- 
age flow conditions. Average flow 
from Buford Dam is calculated to be 
1,920 cfs, plus an assumed base flow 
of 600 cfs from the intervening area 
between. Buford Dam and Atlanta, a 
total of approximately 2,520 cfs. The 
minimum flow at Atlanta would be 
600 cfs according to this chart. Chart 
No. 1 shows: 


Average flow for 6 days per week with 
hourly flows varying from 700 to 
6,700 cfs = 2,831 cfs 

Average flow for 1 day per week with 
hourly flows varying from 600 to 


700 cfs = 634 cfs 
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The average daily flow is sum- 
marized : 


6 days @ 2,831 cfs = 16,986 cfs 
plus 1 day @ 634 cfis= 634 cfs 
Total for 7 days = 17,620 cfs 
Average = 2,517 cfs 


During average flow periods, it is 
apparent that on one day each week 
(Monday) the flow at Atlanta would 
average only 634 cfs. 


Power Peaking During Low Flow 


Another chart, designated as chart 
No. 2, has been prepared by the US 
Corps of Engineers to show the esti- 
mated typical flow pattern at Atlanta 
for power operations at Buford Dam 
during a full week of low flow condi- 
tions. Low flow from Buford Dam is 
calculated to be the prime flow of 1,600 
cfs, plus an assumed base flow of 100 
cfs from the intervening area between 
Buford Dam and Atlanta, a total of 
approximately 1,700 cfs. On this 
chart the minimum flow at Atlanta is 
also given as 600 cfs. Chart No. 2 
shows: 


Average flow for 5 days per week with 
hourly flows varying from 600 to 
5,700 cis = 2,136 cfs 

Average flow for 2 days per week with 
hourly flows varying from 600 to 
770 cfs = 652 cfs 


The average daily flow is sum- 
marized : 

5 days @ 2,136 cfs = 10,680cfs 

plus 2 days @ 652 cfs = 1,304 cfs 

Total for 7 days = 11,984 cfs 

Average = 1,712 cfs 


These calculations show that during 
low-water periods there would be a 
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2-day “weekend trough” at Atlanta 
with an average flow of about 650 cfs. 
This weekend trough is estimated to 
begin about 10:00 pm on Saturday and 
end about 10:00 pm on Monday. 
Chart No. 2 shows that weekday 
peaks would arrive at Atlanta (USGS 
gage at Paces Ferry Bridge) at 2:00 


TABLE 2 
Discharge Tests 
Time Period | — 
Nov. 14, 1956 
prior to 8 AM 480 
8-10 AM 4,100 
10 AM—NOON 4,600 
NOON-1 PM 4,000 
1—5 pM 0 
5—6 PM 2,500 
6-7 PM | 5,600 
7—8 pM 4,600 
8 PM—MIDNIGHT 500 
| 
Nov. 15, 1956 
MIDNIGHT—8 AM } 500 
8-10 AM 4,100 
10-11 am 4,600 
11 AM—NOON 5,600 
NOON-1 PM | 3,000 
1-5 PM | 0 
5—6 PM 2,500 
6-7 PM 5,600 
7-8 PM 4,600 
8 PM—MIDNIGHT | 450 
Nov. 16, 1956 
450 


after MIDNIGHT | 


AM, and that minimum daily flows 
would occur about 10:00 pm each day. 


Discharge Tests 


At the request of the consulting firm 
of Weideman and Singleton, Engineers, 
Atlanta, the US Corps of Engineers 
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conducted tests of discharge from Bu- 
ford Dam on Nov. 14 and 15, 1956, 
to simulate power flows during week- 
days of a low-water period. The sluice 
gates at the dam were opened at 8:00 
AM on Nov. 14 and, according to data 
furnished by the corps, were operated 
as shown by Table 2. 

The average release from the dam 
from 8:00 am on Nov. 14 to 8:00 am 
on Nov. 15 was 1,670 cfs for the first 
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there were two peaks each day, the 
first occurring just prior to noon and 
the second occurring from 6:00 to 7 :00 
pM. Between these peaks there was a 
4-hr period (1:00-5:00 pm) with zero 
outflow. These tests cover weekday 
operations only and were not extended 
to show the effect of the weekend shut- 
down at Atlanta. The maximum re- 
lease from Buford Dam during the 
November 1956 tests was only 5,600 


TABLE 3 


Stations at Which River Stage Was Traced 


| Sea 

River Mile evation Average 

At mouth of Buford Tail Race 348.3 913.3 

Automatic recorder below Buford Dam* 348.1 913.0 0.2 

USGS gage near Buford, Ga.* 345.8 908.7 1.9 

US Weather Bureau gage near Norcross, Ga.* 330.8 879.8 1.9 

DeKalb County water intake 325.4 865.2 2.7 

USGS gage near Roswell, Ga.* 318.8 851.2 24 

Morgan Falls Pool 312.6 847.4 

Morgan Falls Tail Race ; 312.6 797.6 8.67 

USGS gage, Atlanta, Ga. (Paces Ferry Road)* 303.0 752.5 4.7 

Clayton sewage treatment plant, Atlanta, Ga. 300.4 743.0 3.7 

Length of reach of river—mi 47.9 

Total fall in 47.9 mi—ft 170.3 

Average fall in 47.9 mi—ft/mi 3.6 

* Hydrographs of hourly discharge were prepared by the US Corps of Engineers at these stations and also 


at the Buford Dam sluice gates. 


+ From Morgan Falls Tail Race to USGS gage near Roswell, Ga. 


24-hr period; an average of 1,645 cfs 
was released during the second 24-hr 
period on Nov. 15-16. At the USGS 
gage in Atlanta, as a result of these 
releases, the maximum flow on Nov. 
15 was 2,400 cfs, the mean flow was 
1,760 cfs, and the minimum flow was 
900 cfs; on Nov. 16 the maximum flow 
was 2,600 cfs, the mean flow was 1,800 
cfs, and the minimum flow was 820 cfs. 

Attention is directed to the fact that 
in these tests of simulated power flow 


cfs as compared to the maximum of 
8,000 cfs under operating conditions. 

In cooperation with the USGS, the 
Georgia Power Company, DeKalb 
County, and the city of Atlanta, the 
US Corps of Engineers has prepared 
hydrographs showing the river stage 
each hour during the test period at 
the points listed in Table 3. 

With these data in hand, it is pos- 
sible to trace the simulated power 
waves downstream from Buford Dam 


/ 
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to Atlanta and below. For example, 
the morning peak of November 14 
traveled as shown in Table 4. 

The travel time of the other three 
peaks was found to be similar. The 
total elapsed time from Buford Tail 
Race to the Clayton plant was: 


Peak of 7:00 pm Nov. 14 arrived Clay- 
ton plant 12:30 pm Nov. 15—time 
elapsed, 174 hr 

Peak of 12:00 noon Nov. 15 arrived 
Clayton plant 4:30 am Nov. 16— 
time elapsed, 164 hr 

Peak of 7:00 pm Nov. 15 arrived Clay- 
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weekdays follows the two-peaks-per- 
day pattern set by the November 1956 
tests, daytime flows at the Clayton 
Plant would be materially increased 
and more sewage dilution would be 
provided. 

view of this, and the further fact 
weekend conditions are shown 
y on chart No. 2, this chart has 
adopted for reregulation studies. 


Summary 


On the assumption that Buford Dam 
will be operated as previously out- 


ton plant 12:00 noon Nov. 16— lined the effect at Atlanta may be 
time elapsed, 17 hr. summarized : 
TABLE 4 
Distance Traveled by Morning Peak 
—— = = — — 
| Pairs River Mile Distance Time pe 
11:45 aM Buford Tail Race 348.3 
6:00 pM Norcross gage 330.8 2 6} 2.8 
10:00 pm Roswell gage 318.8 2.0 4 3.0 
MIDNIGHT Morgan Falls Tail Race 312.6 6.2 2 3.1 
3:00 AM Atlanta gage 303.0 9.6 3 3.2 
4:15am | Clayton plant 300.4 2.6 1} 2.1 
Totals 47.9 164 2.9* 
* Average. 
These data show that travel time 1. Minimum flows with Buford 


averaged 17 hr and that the morning 
peak leaving Buford would arrive at 
the Clayton plant about 4 am, followed 
by the evening peak leaving Buford, 
which would arrive at Atlanta about 
noon. 

The original 1951 US Corps of En- 
gineers chart No. 2 (previously de- 
scribed) shows that the daily peaks 
would arrive at the USGS gage at 
Paces Ferry Bridge, Atlanta, at 2 am 
and it is considered that the flow tests 
of Nov. 14 and 15 thoroughly confirm 
the basic weekday flow data in chart 
No. 2. If future Buford operation on 


regulation would be 600 cfs at all 
times. The actual minimum daily 
flow at Atlanta for the period of rec- 
ord was 340 cfs on Oct. 19, 1954, but 
the estimated lowest average flow for 
a 5-day period in September 1925 was 
only 230 cfs. It has been shown in 
Table 1 that natural flows at Atlanta 
have been less than 600 cfs for an 
average of 7 days per year, or about 
2 per cent of the time. The regulation 
afforded by Buford Dam during se- 
vere drought periods will be beneficial. 

2. During weekend shutdowns flows 
would be less than 700 cfs on 1 day 


38 BENJAMIN M. HALL JR. 


each week (Monday) during average 
flow periods, and less than 700 cfs for 
2 days each week (Sunday and Mon- 
day) during low periods. Table 1 
shows that natural flows at Atlanta 
have been less than 700 cfs for an 
average of only 13 days per year, or 
about 34 per cent of the time. Table 1 
also shows that the natural average 
flow of 2,500 cfs is available 35 per 
cent of the time, or that flows would 
be less than 2,500 cfs 65 per cent of 
the time, or 34 weeks per year. It is 
therefore considered reasonable to esti- 
mate that there would be at least 34 
weekend shutdowns when flows at 
Atlanta would be less than 700 cfs for 
1 or 2 days per week as a result of 
the Buford regulation. Such low flows 
would always prevail at Atlanta on 
Monday and sometimes on Sunday and 
Monday. 

Buford regulation is thus shown to 


increase the number of days with flows 
of less than 700 cfs from 13 to 34 days 


per year, or about 250 per cent. Such 
regulation, resulting from weekend 
shutdowns at Buford, would decrease 
the amount of dilution afforded by the 
present natural flows of the river at 
the Clayton sewage treatment plant. 
The necessity for further reregulation 
above Atlanta is clearly indicated. 


Reregulation 


A minimum flow of 600 cfs is 
equivalent to 388 mgd. For average 
domestic, commercial, and industrial 
water supply use such a supply is con- 
sidered adequate for a population of 
abeut 2,300,000. The population of 
the Atlanta metropolitan area will, it is 
estimated, be approximately 1,600,000 
by 1980. Strictly from a treated water 
supply standpoint, reregulation will 
not be required in the near future but 
should be considered in the long-range 
plan. 
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The Atkinson steam plant of the 
Georgia Power Company, located 
about 1 mi below the intake of the 
Atlanta Water Works, uses approxi- 
mately 430 mgd of raw water for cool- 
ing purposes, or 11 per cent more thari 
the regulated minimum supply or 388 
mgd (600 cfs). In future years as 
more water is diverted for domestic 
and commercial uses, the supply availa- 
ble for raw water use by future indus- 
tries will be decreased. Unless mini- 
mum flows are increased by reregula- 
tion, the raw water situation may be- 
come critical. An adequate supply of 
raw water in the river, which would 
be available for process water, should 
attract future industries to the area. 

Reregulation to provide more water 
for sewage dilution at Atlanta would 
be most beneficial. The main Atlanta 
sewage treatment plant (the Clayton 
plant), located on the Chattahoochee 
River, provides primary treatment of 
sewage but not complete treatment. 
The present natural flows are insuffi- 
cient to provide enough dilution with 
the present sewage loads at low flow 
seasons. The operations of Buford 
Dam are estimated to create weekend 
troughs at the Atlanta sewage treat- 
ment plant which will provide flows of 
less than 700 cfs for 34 days in an 
average year, or 9 per cent of the time, 
and a minimum of 600 cfs. In addi- 
tion, it has been shown that the Buford 
reregulation would create peak flows at 
the Clayton plant at about 4:00 am 
when the discharge of sewage is rela- 
tively small. With adequate reregula- 
tion at some point above Atlanta the 
minimum flows during weekend shut- 
down periods could be increased and 
flows at other times could be released 
to suit the demands for sewage dilu- 
tion, thus permitting a continuation of 
the present relatively inexpensive treat- 
ment methods. 
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Storage for Reregulation 


To provide complete reregulation, so 
that a uniform low water flow of 1,700 
cfs could be maintained at Atlanta, it 
is estimated that a storage of 5,000 
acre-ft would be required. A con- 
tinual flow of 1,700 cfs at Atlanta 
would be equivalent to a supply of 
1,100 mgd which is considered ade- 
quate for a population of more than 
6,000,000. Such complete reregulation 
is not considered necessary in the near 
future, but it would be feasible to ob- 
tain such a supply of water when 
needed by constructing a reregulating 
reservoir with a capacity of 5,000 
acre-ft or more. 

It is the author’s opinion that ade- 
quate reregulation for sewage dilution 
after partial treatment for a period of 
about 15 years can be provided by a 
storage of 3,200 acre-ft. One acre-foot 
amounts to 43,560 cu ft or 326,700 gal 
of water, and 3,200 acre-ft would be 
1,045 mil gal. A reservoir with a ca- 
pacity of 3,200 acre-ft may be visu- 
alized as having an average area of 400 
acres with a depth of 8 ft. Such a 
reservoir could be filled or emptied in 
24 hr by a flow of 1,600 cfs, or filled 
or emptied in 12 hr by a flow of 3,200 
cfs. It is thus seen that 1 cfs flowing 
12 hr is equivalent to 1 acre-ft. 

It has been shown that it takes a 
power wave about 4 hr to travel from 
Morgan Falls to the Clayton plant. 
Assuming that a storage reservoir with 
a capacity of 3,200 acre-ft was con- 
structed at or near the Morgan Falls 
Dam, water released from Morgan 
Falls at 6:00 am would reach the Clay- 
ton plant about 10:00 am. In the 
analysis of flows into such a reservoir 
and the reregulated flows released 
from the reservoir, shown in Table 5, 
the flow data shown on the US Corps 
of Engineers chart No. 2 for a full 
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week at low water stage has been used, 
on the assumption that the flows shown 
on chart No. 2 would arrive at Mor- 
gan Falls 4 hr earlier. For this typical 
week of low water flow conditions both 
the inflow and the reregulated outflow 
have been averaged for 12-hr periods, 
day flows being considered as the aver- 
age flow from 6:00 am to 6:00 pM, 
and night flows being the average flow 
from 6:00 pm to 6:00 am. 
A summary of Table 5 shows: 


Average flow each 12-hr night period 
= 1,050 cfs 
Average day flow, 
= 2,470 cfs 
Average day flow, 
= 3,100 cfs 
Average day flow, 12 hr Wednesday 
= 3,150 cfs 
Average day flow, 12 hr Thursday 
= 3,150 cfs 
Average day 
= 2,650 cfs 
Average day 
= 1,050 cfs 
Average day 
= 1,050 cfs. 


12 hr Monday 


12 hr Tuesday 


flow, 12 hr Friday 


flow, 12 hr Saturday 


flow, 12 hr Sunday 


Attention is directed to the fact that 
in Table 5 all flows are average flows. 
The actual outflows may be varied as 
desired. For instance, with an average 
daytime regulated outflow of 3,150 cfs, 
it would be possible to operate: 


4 hr @ 2,150 cfs 
4 hr @ 4,150 cfs 
4 hr @ 3,150 cfs 
Average 12-hr flow, 3,150 cfs. 


Reregulated outflows at night could 
also be varied in any number of desired 
combinations, but it is suggested that 
a minimum flow of at least 700 cfs be 


maintained at all times. This would 
provide about 450 mgd at the Atlanta 
Water Works intake. 
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The reregulated outflow in Table 5 
during weekends is shown to average 
1,050 cfs from 6 am Saturday to 6 Am 
Monday (48 hr). However, if 700 cfs 
is determined to be sufficient for re- 
regulated night outflows, flows for this 
2-day period could be varied as de- 
sired, and might be: 


Saturday (day), average 1,700 cfs for 
12 hr 

Saturday (night), average 700 cfs for 
hr 
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Long Island, Ga., and will back water 
to the tail race of Morgan Falls Dam. 
This dam site is owned by the Georgia 
Power Company and surveys and esti- 
mates of cost have been made by the 
US Corps of Engineers and others. 
The estimated areas and storage capa- 
bilities are: 


Full pond area = 800 acres 

Estimated area with 10-ft drawdown 
= 480 acres 

Average area = 640 acres 


TABLE 5 
Analysis of Operations of Proposed 3,200 acre-ft Reregulating Storage Reservoir 


Period 


Monday night, begin 6 pm 

6 pM Monday-6 AM Tuesday (night) 

6 AM-6 pM Tuesday (day) 

6 pM Tuesday—6 AM Wednesday (night) 
6 AM—6 PM Wednesday (day) 

6 pM Wednesday—6 AM Thursday (night) 
6 AM—6 PM Thursday (day) 

6 pM Thursday—6 AM Friday (night) 

6 AM—6 PM Friday (day) 

6 pM Friday—6 AM Saturday (night) 

6 AM—6 pM Saturday (day) 

6 pM Saturday-6 aM Sunday (night) 

6 AM-—6 PM Sunday (day) 

6 pM Sunday—6 aM Monday (night) 

6 AM—6 PM Monday (day) 


7-day Average 


Average Flow—acre-ft* Storage—acre-ft* 
Reregu- Amount Balance 
Inflow lated Added or at End of 
Outflow Released Period 
Ot 
3,280 1,050 +2,230 2,230 
870 3,100 — 2,230 0 
3,540 1,050 +2,490 2,490 
1,110 3,150 — 2,040 450 
2,970 1,050 +1,920 2,370 
1,060 3,150 —2,090 | 280 
3,720 1,050 | +2,670 2,950 
1,180 2,650 — 1,470 1,480 
2,770 1,050 +1,720 3,200f 
860 1,050 — 190 3,010 
650 1,050 — 400 2,610 
680 1,050 — 370 2,240 
670 1,050 — 380 | 1,860 
610 | 2,470 — 1,860 Ot 
1,712 1,712 


Empty. 


* An acre-foot is equivalent to 1 cfs flowing for 12 hr. 


Full; the reservoir would be completely filled by 6 am Saturday. 


Sunday (day), average 1,100 cfs for 
12 hr 

Sunday (night), average 700 cfs for 
12 hr 

Average, 1,050 cfs for 48 hr. 


Storage is also available at different 
sites above Atlanta: 


1. Vinings dam. This proposed 
dam will be 43 ft high at the foot of 


Storage capacity with 10-ft drawdown 
= 6,400 acre-ft. 


Such storage would be adequate for 
complete reregulation. 

The US Corps of Engineers esti- 
mated the cost of this dam, as of 
1937-39, to be $2,105,000, exclusive of 
powerhouse, power plant, lands and 
relocations, and interest during con- 
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struction. The average Engineering 
News-Record index for the 1937-39 
period was 235, as compared to the 
present index of 705. On this basis, 
the approximate present estimated cost 
would be $6,315,000 for the dam only. 

2. Morgan Falls dam. Several con- 
ferences have been held with officials 
of the Georgia Power Company, the 
owner of the present dam, as to the 
possibility of creating additional stor- 
age at Morgan Falls Dam by the con- 
struction of 8-ft taintor gates on top 
of the dam for reregulating purposes. 
According to the engineers of the 
Georgia Power Company, these 8-ft 
taintor gates would provide a storage 
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TABLE 6 
Costs and Capacities of Proposed Storage Projects 
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down, which would be sufficient for 
complete reregulation of the river at 
1,700 cfs but would not provide ex- 
cess capacity. There might also be 
some silting in the upper reaches of 
the reservoir. An approximate esti- 
mate of cost of such a reregulating 
dam, based on available data, is about 
$2,500,000, exclusive of land and flood 
rights which the author understands 
are owned by the Georgia Power Com- 
pany. It appears that about 1,200 
acres would be involved in flood rights. 

4. Roswell site, 24-foot dam. A 
dam 24 ft high at the Roswell site con- 
sisting of a concrete base and 15-ft 
taintor gates should provide about 


Project 


Cost—$ 
Storage 
Capacity 
acre-ft 
fi Total* Per Acre-Foot 


of Capacity 


Vinings Dam 

8-ft taintor gates on Morgan Falls Dam 
15-ft Roswell Dam with 10-ft drawdown 
24-ft Roswell Dam with 6-ft drawdown 


* Exclusive of land and flood rights, except as noted. 


of 3,200 acre-ft above the crest of the 
concrete dam, and the estimated cost of 
the development would be between 
$850,000 and $1,000,000. The bene- 
ficial reregulating effect of a 3,200- 
acre-ft reservoir has been explained 
previously. 

3. Roswell site, 15-ft dam. No de- 
tail surveys have been made of Roswell 
site in the field. From information 
made available by the US Corps of 
Engineers it appears that a low dam 
consisting essentially of a concrete sill 
across the river and 15-ft taintor 
gates would develop about 5,500 
acre-ft of storage with 10-ft draw- 


t+ Approximate total cost including land and flood rights. 


6,400 6,315,000 987 
3,200 1,000,000 312 
5,500 2,500,000 455 
7,500 3,000,000 | 


400 


11,000 acre-ft of storage with 10-ft 
drawdown, or 7,500 acre-ft storage 
with 6-ft drawdown. This capacity 
would be adequate for any reregu- 
lation desired and could be operated 
to prevent silting in the effective top 
6 ft. The cost of the higher structure 
would not involve excessive cost since 
the cofferdam and taintor gate cost 
would be the same. The principal ad- 
ditional cost would be in the mass con- 
crete in the base. An approximation 


of the cost of this dam, based on avail- 
able data, is $3,000,000, exclusive of 
land and flood rights which the author 
understands are owned by the Geor- 
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gia Power Company. Approximately 
2,000 acres would be involved in flood 
rights. 

Table 6 summarizes the capacities 
and costs of these four projects. 

Power installations have been pur- 
posely omitted in the plans for the 
Vinings Dam and the two dams of 
differing height proposed at the Ros- 
well site and no power studies have 
been made. If power installations are 
included the cost to be allocated to re- 
regulating storage might be materially 
changed. 

If a reregulating reservoir is con- 
structed at any point between Buford 
Dam and Atlanta it is considered es- 
sential that a firm agreement as to 
when water would be released and how 
much would be released be made by 
the city with the party operating the 
reregulating reservoir, as well as with 
various riparian owners downstream 
from the development. It would ap- 
pear that there should be no conflict 
of interest between the city and the 
party operating the reregulating reser- 
voir, if it is decided to use the re- 
leased water for generating power. 
Peak daytime power is more valuable 
than run-of-stream or nighttime power 
and it appears entirely feasible to co- 
ordinate the power release with the 
demand for dilution at the Clayton 
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plant, where sewage flows are heavy 
from 10 am to 10 pm on weekdays. 


Present Project Status 


On Sep. 6, 1957 the city of Atlanta 
and the Georgia Power Company en- 
tered into a formal agreement for the 
construction and operation of the 8-ft 
taintor gates on Morgan Falls Dam. 
This agreement provides: 

1. The city will contribute 50 per 
cent of the cost, the city’s contribution 
not to exceed $500,000. 

2. The Georgia Power Company 
will construct the improvements and 
bear 50 of the cost. 

3. Title to Morgan Falls Dam, upon 
completion of the work, shall be held 
by the Georgia Power Company. 

The city and the company have 
also made a satisfactory agreement as 
to scheduling releases of storage water 
from Morgan Falls Reservoir for the 
mutual benefit of the city of Atlanta 
and the Georgia Power Company. 
Application to the Federal Power 
Commission for a license for redevel- 
opment of the Morgan Falls project 
has been filed by the Georgia Power 
Company, but the license has not 
yet been granted. 


Reference 


1. Water Resources of the Atlanta Metro- 
politan Area. USGS Circ., No. 148 
(1951). 


Effect of Impoundment on Downstream Water Quality, 


Catawba River, S.C.—Robert S. Ingols 


A paper presented by Robert S. Ingols, Head, Dept. of Applied Bioi- 
ogy, Georgia Inst. of Technology, Atlanta, Ga. 


The effect of the lakes above the 
large power dams of the Tennessee 
Valley Authority upon the quality of 
water downstream (1) and also some 
of the effects that this water quality 


has upon downstream use are interest- 
ing to consider. 

The assurance of a steady, adequate 
quantity of water below a storage res- 
ervoir or power dam is very desirable 
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for a city relying upon a downstream 
river for its water supply. The fact 
that there is a large variation in vol- 
ume twice daily as a result of the 
power wave does not affect the opera- 
tion of the river pumping station ap- 
preciably. Dry weather also does not 
affect the minimum flow values from 
a power pool greatly because the use of 
water for the power surge is discon- 
tinued in order that the minimum flow 
requirements may be maintained. 


Period Manganese Volume | 


1954 


None reported 


1955 
May | Heavy 
June | Heavy 
July | Light 
August | Light 
1956 
August | Light 
1957 | None reported 


Seasonal Changes in Water 


Water quality and power dam opera- 
tion is nevertheless of interest to the 
water plant operator and the city engi- 
neer with sewage and industrial waste 
problems. Most of the data published 
(2) have indicated that artificial lakes 
and reservoirs a few years after their 
creation reach a condition of stability 
that insures good water downstream. 
After the initial effect of the submerged 
organic matter has disappeared the 
water downstream from a nonpolluted 
inlet supply improves to the point 
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TABLE 7 


Observations on the Catawba River 


Fish Kills 


Light during 
high flow 


None reported 


* Observed on the Tennessee Valley Authority lake, Douglas Reservoir, below Dandridge, Tenn. 
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where only the yearly increment of 
leaves, dead algae, and other, natural 
debris causes a loss in DO of the hypo- 
limnion (lower stratum of water). 
The normal changes in water qual- 
ity have been discussed by Churchill 
(3). Observations of downstream 
water quality made during four suc- 
cessive summers by the author have 
indicated, however, that periodic ex- 
plosive deterioration in water quality 
occurs in old reservoirs. Wide vari- 


Comments 


z= 
| None reported | Very dry season; heavy growth on 
y 2 


exposed flats*; no data on DO 
concentration 


Normal rainfall; lowest DO con- 
centration in May 


Normal rainfall; lowest DO con- 
centration 1.1 ppm on Aug. 5 


Wet summer; lowest DO concentra- 
tion 2.8 ppm on Sep. 9 


| 
| 
| 
| 
| 


ations in water quality have occurred 
in the Catawba River at Rock Hill, 
S.C., below a 60-year old reservoir 
dam. These variations are summarized 
briefly in Table 7. 

The data of this table indicate that 
in 1954, a very dry season, the down- 
stream water quality was reasonably 
good. However, when a visit was 
made to Rock Hill in the early summer 
of 1955, several unexpected observa- 
tions were made. At the water plant 
when the light switch to the sight well 
was flicked on and off several times 
the visitors were unable to see the bot- 


| 
| 
| 
| | 
| 
? | | 
| 
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tom any better with the light on than 
with it off. It was discovered that 
the walls were so black that the light 
could not be observed, even though 
it was working properly. It was real- 
ized that the walls were coated with 
manganese dioxide. The problem of 
manganese in the filtered water was 
solved when copper ion catalysis for 
prefilter oxidation was instituted, as 
reported elsewhere by Chambers and 
the author (4). This treatment was 
the result of observations on the water 
plant at Newnan, Ga., and was re- 


Saturation Deficit— ppm 


0 10 20 30 
Distance From Dam—mi 


Fig. 1. Effect of Reaeration 


The effect of the reaeration of the Hol- 

ston River, Tenn., is shown. Cfs values 

indicate rate of flow. The reaeration 

took place below the Cherokee Dam dur- 

ing July and August 1957. (Taken from 
Ref. 3.) 


ported several years ago by Futral 
and the author (5). 

A trip was made up and down the 
Catawba River to find possible paths 
of approach to the river for sampling 
and to learn how much damage the 
large industrial waste deposits from 
Rock Hill were causing in the river. 
It was learned that two or three fish 
kills had occurred in the spring of 
1955, during May and June; fish kills 
at tiiat time of year were very difficult 
to understand. 

In August 1954 the author had 
been asked to examine a waste situ- 
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ation in Dandridge, Tenn. A _ small 
mountain stream flowed from this 
town into the headwaters of Douglas 
Reservoir, or more accurately, it 
flowed from the town through a chan- 
nel in the dry bottom of the lake area. 
The pool level at the time of observa- 
tion was at an elevation of 960 ft and 
the maximum possible elevation was 
1,000 ft; the maximum elevation that 
spring had been 984 ft, leaving a large 
area not submerged for the second con- 
secutive summer. The exposed mud 
flats were covered with a lush, green 
vegetation about 2 ft high and extend- 
ing over a great many acres. A simi- 
lar growth could have developed on 
an arm or area of the Catawba River 
lake bed. The lake was low in 1954, 
for there were only small power waves 
during the period of a state water pol- 
lution control authority study of the 
river in 1954, as seen from flow values 
and hydrographs. 

The hypothesis is that the lush vege- 
tation on the exposed flats of a power 
dam lake bottom during a dry year is 
responsible for an excessive organic- 
matter load in the hypolimnion when 
the vegetation is submerged by water 
after the dry serson. The presence of 
the organic matter will remove all of 
the DO of the hypolimnion as soon as 
it forms. This would explain the high 
manganese content of the Catawba 
River in the spring of 1955 and also 
the low DO in the river, as indicated 
by the fish kills during the same pe- 
riod. The absence of fish kills and 
manganese in the springs of 1956 and 
1957 would also fit this hypothesis be- 
cause the mud flats were not exposed 
to permit a similar growth in 1955 or 
1956 when there was normal rainfall. 
The fact that the lowest DC (and the 
appearance of manganese in the Rock 
Hill water) occurred in early August 
1956, 3 months later than the low point 
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for 1955, indicates that much less or- 
ganic matter was present in the lake 
in 1956 than in 1955. The fact that 
the date of lowest DO was later in 
1957 than in 1956 and the absence of 
manganese in 1957 indicates that there 
was even less organic matter in 1957 
than in 1956. 

The first part of this article has 
pointed out two major problems of 
importance to cities or to industries 
which use river water below a power 


5.0 
3.0 oA 
10 11 12 1 2 3 4 5 
AM Time of Day PM 
Fig. 2. DO Concentration During 


Power Wave 


The DO concentration during a power 

wave is shown. These observations were 

made from a single point, 3 mi below the 

source of pollution, during the early 

stages of the power wave. The sharp dip 

in the curve shows the effect of the slime 
or sludge scour. 


impoundment. At times there may be 
manganese present in the water. Dur- 
ing the same period there may be a 
low DO content which will greatly 
reduce the capacity of the river to 
absorb pollution without serious fish 
kills and trouble with state regulatory 
agencies. It has also been pointed 
out that these problems are most se- 
vere during a year which follows an 
extended drought, though not neces- 
sarily during the dry season itself. 
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Short-Term Changes in Water 


Superimposed on the long-term vari- 
ations in water quality below a power 
dam are the daily changes in quality 
caused by the changing quantity of 
water due to peaking operations. 
When samples for DO are taken from 
one spot in a river below a power dam, 
first at low flow and then at high flow, 
the DO has been observed to fall from 
3.8 to 2.7 ppm, as previously reported 
by the author (6). Much more exten- 
sive data have been obtained by 
Churchill (3) and a portion of his data 
is shown in Fig. 1. 

These data directly refute the usual 
concepts of the BOD-oxygen-sag rela- 
tionship by showing that increasing 
flow brings increasing severity of dam- 
age. In the usual concept, increased 
flow should bring increased dilution 
and a higher DO from the dilution. 
This is the reason that it has been 
claimed that the equivalent BOD load 
of a power dam increases with increas- 
ing flow. By extrapolating the curves 
of Fig. 1 to the dam site, it can be seen 
that there would be a deficit of almost 
9.0 ppm DO at the dam. To create 
this deficit by a sewage BOD approxi- 
mately 860,000 people would be re- 
quired at a flow of 3,300 cfs; at a flow 
of 13,600 cfs 3,500,000 people would 
be necessary. This indirect population 
equivalent indicates the magnitude of 
the pollution problem which the power 
dam creates. There are no cities with 
this large a population in the South- 
east and very few other industries in 
the area with a similar pollution load. 

The BOD of the river water above 
the source of pollution does not change 
with or during the power surge, but 
the lower reaeration of the greater 
depth of water (there is a 20-30-in. 
rise on the Catawba River during the 
power surge) decreases the DO value 
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at a given point downstream. It is 
possible that the product of the total 
volume and the DO concentration will 
be larger at high flow than at low flow. 
However, regulatory agencies and fish 
do not understand this relationship, for 
only absolute DO values are of interest 
in codes of river quality, because of the 
desire to protect fish which are sensi- 
tive to the DO. 

Besides the lower DO value occur- 
ring in the power wave above a source 
of pollution, there are two other dam- 
aging factors which occur below the 
point of pollution from the high flow 
of the power wave. 

1. Sludges or slimes, or both, collect 
on the stones or in quiescent areas of 
rivers during low flow and are lifted 
from the bottom of the river during 
the first surge of the power wave and 
suspended in the flow. This suspen- 
sion of the organic matter or slime 


causes a further drop in the DO value. 
During this period of low DO value 


fish are seen to die. Generally, the 
scouring of the sludges or slimes, or 
both, is completed in less than an hour. 
Figure 2 shows a curve of DO against 
time, at a single point of observation 
during the early portion of a power 
wave. In this case, too, it is unfortu- 
nate that the fish do not know that 
the slime scour is only a temporary 
situation. When the DO is low 
enough above the point of pollution 
addition then the 2.0-2.5-ppm sag in 
DO is enough to cause the fish real 
trouble. Thus, on the day of an ob- 
served 2.7 ppm DO above the point 
of pollution the sag in oxygen was 
enough to bring the DO value to 0.5 
ppm in one portion of the river and 
fish were seen to struggle for air. 
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2. The high flow reduces the lateral 
mixing of the pollution load from a 
point source to such an extent that it 
has been observed to increase the dam- 
aging effect of the pollution, because 
the pollution is concentrated in such 
a small portion of the river. Thus, 
fish have been seen to die only in the 
polluted portion of the river when 
there is an overall DO content of less 
than 1.0 ppm. 

When the point of pollution intro- 
duction is far enough downstream from 
the dam so that reaeration of the water 
is completed before the water reaches 
the point of pollution introduction, 
then the major factor of interest be- 
comes volume of flow in the river in 
relation to the quantity of pollution to 
be added. This problem is discussed 
in greater detail in the article in this 
panel by Hall. 
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Effect of Impoundment on Downstream Water Quality, 
Roanoke River, N.C.—Frederic F. Fish 


A paper presented by Frederic F. Fish, Biologist, USPHS, Dept. 
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of Health, Education, and Welfare, North Carolina State College, 


Raleigh, N.C. 


The Roanoke River is an interstate 
stream rising along the eastern slope 
of the Appalachian Mountains in Vir- 
ginia, flowing generally to the south- 
east, and discharging into Albemarle 
Sound in North Carolina. The river 
reach under consideration in this arti- 
cle is restricted to the lower 179 mi of 
the river between Kerr Dam and the 
mouth. Over this section the Roanoke 
River traverses the gently rolling to- 
pography of the Piedmont Plateau for 
30 mi. Between the river Miles 150 
and 129 it crosses the eastern escarp- 
ment of the Piedmont into the broad, 
flat Coastal Plains. Within this area 
the watershed is very narrow and no 
tributaries of significance join the main 
stem below Kerr Dam. Through the 
Piedmont the river gradient averages 
about 1.5 ft/mi. As the river crosses 
the fall line the gradient steepens to 
approximately 6 ft/mi between Miles 
150 and 129. Below Mile 129, the 
gradient averages slightly less than 0.2 
ft/mi across the wide Coastal Plains. 
The Roanoke River carries more 
water, by far, than any other river 
in North Carolina, the annual flow 
through the state averaging about 
8,500 cfs. By the same token, it also 
possesses the greatest latent possibili- 
ties for development of any river in 
the state. 


Impoundments 


During the past decade two im- 
poundments have been constructed on 
the Roanoke River within the area de- 


scribed. The first, the John H. Kerr 
project, was constructed by the US 
Corps of Engineers at Mile 179. 
Closed in 1952, the Kerr Dam im- 
pounded a lake of 2,800,000 acre-ft ca- 
pacity, 39 mi long, with a normal depth 
under power operation of 110 ft. The 
Kerr project powerhouse has a gen- 
erating capacity of 204,000 kw and is 
used for the production of peak power. 

In 1955, the Virginia Electric and 
Power Company completed its Roa- 
noke Rapids project at River Mile 
137: a 100,000-kw power plant sup- 
plied by an 85,000-acre-ft impound- 
ment, 9 mi long, with a normal depth 
of 65 ft. Like the Kerr project, the 
Roanoke Rapids project is used for the 
generation of peak power and is re- 
sponsible for reregulating the river to 
maintain certain minimum flows down- 
stream, as stipulated in its FPC license. 


Waste Discharge 


Immediately below the Roanoke 
Rapids project is an area of intensive 
water use. At the downstream end of 
an 8,000-ft excavated tailrace of the 
project, about 560 milgal of river 
water are pumped each month to sup- 
ply process water for a large pulp and 
paper manufacturing plant. Immedi- 
ately below the pulp plant water in- 
take a series of four major outfalls 
within a 1-mi reach discharge raw 
municipal and industrial wastes di- 
rectly into the river. The particular 
wastes discharged are principally from 
pulp, paper, and textile plant opera- 
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tions, and domestic sewage. These 
wastes have a common characteristic: 
a high oxygen demand for stabilization. 
The wastes from the four outfalls, ac- 
cording to records published by the 
Division of Water Pollution Control of 
the state board of health in 1953, had 
a combined population equivalent of 
574,000. A waste treatment program 
currently is being effected but, even 
after satisfactory facilities have been 
provided, carrying and absorbing or- 
ganic wastes must remain an important 
function of the river. The 8-mi reach 


FREDERIC F. FISH 


Jour. AWWA 


of the river before the onset of the 
critical summer water conditions. 


Effect of Impoundments 


In view of the current and great 
potential use of the Roanoke River 
protection of water quality is a matter 
of paramount concern to the state of 
North Carolina. Recently, the Divi- 
sion of Water Pollution Control classi- 
fied best use of the Roanoke River 
from the Roanoke Rapids projects tail- 
race to Albemarle Sound as fishing 
which requires, among other stipula- 


TABLE 8 


Effect of Impoundment of Roanoke River Upon Downstream DO Concentrations 


Status of Projects 


Sampling Results 


Number of samples 

DO concentrations: 
Mean—ppm 
Standard deviation—ppm 
Coefficient of variation—% 
95% Confidence limits—ppm 

Observed range—ppm 


| 


* Data by cooperation of Halifax Paper Co. 


Post-Kerr, Post- | Post- 
Pre-Roanoke Roanoke Rapids, | Roanoke Rapids, 
Rapids Ist yr | Znd yr 
(1953) (1955*) (1956) 
47 30 | 43 
7.90 5.35¢ | 5.36 
0.49 1.01 | 0.79 
6.15 18.90 14.73 
6.90-8.90 3.30-7.40 | 3.80-6.90 
7.00-9.00 2.90-6.90 3.20-6.40 


+ Excludes four samples collected under atypical river conditions accompanying hurricane runoff. 


of the Roanoke River between the 
Roanoke Rapids project tailrace and 
Mile 129 traverses the steepest gra- 
dient of the fall line and provides the 
only rapids in the river now accessible 
to migratory fish. This reach consti- 
tutes the major spawning grounds for 
the entire Albemarle Sound striped 
bass population, a species indigenous to 
North Carolina waters. The striped 
bass runs to the Roanoke River spawn- 
ing grounds were estimated to contain 
164,200 fish in 1956 and 169,600 in 
1957. Most of the striped bass have 
completed spawning and moved out 


tions, the maintenance of at least 4 ppm 
DO at all times. 

The DO content of the Roanoke 
River water at the North Carolina 
Highway 48 bridge—which crosses at 
Mile 135—has assumed progressively 
greater significance during the past 
few years. This bridge comprises a 
check point for quality determinations 
on the river water as it leaves the 
Roanoke Rapids project and is with- 
drawn for industrial use. The bridge 
is immediately above the four major 
outfalls and hence also provides a sam- 
pling station for water quality data 
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before wastes are discharged into the 
river. The DO determinations made 
at the Highway 48 bridge during the 
past few years reveal that impound- 
ment of the river has produced a dif- 
ferent type of DO pattern than devel- 
ops in a natural stream and one which 
complicates utilization of the full po- 
tential of the Roanoke River to absorb 
organic wastes. 

The changes that have occurred in 
the Roanoke River DO pattern follow- 
ing impoundment are best indicated 
by the summarized data in Table 8, 
which were collected at the Highway 
48 bridge. Extensive DO data also 


were collected during the summer of 
1957 but these are not yet available. 

The data on which Table 8 is based 
indicate that impoundment within the 
Kerr Reservoir made relatively insig- 
nificant differences in the DO concen- 
trations obtained at the Highway 48 


bridge, 44 mi downstream. The Kerr 
project releases water of very low oxy- 
gen content during the summer months 
when stratification develops within the 
reservoir. Reaeration provided by the 
44 mi of natural stream bed between 
Kerr Dam and the Highway 48 bridge 
that existed prior to the construction 
of the Roanoke Rapids project was 
adequate to restore most of the oxygen 
deficiency of the Kerr project dis- 
charge. In general, the 1953 DO de- 
terminations at the Highway 48 bridge, 
which ranged between 84 and 104 per 
cent of saturation, reasonably approxi- 
mated the variations that may be ex- 
pected in a natural, unpolluted river. 

It is apparent from a comparison of 
the 1953 data with those of 1955 and 
1956 that impoundment within the 
Roanoke Rapids Reservoir has sharply 
reduced the average summer DO con- 
centration of the river water. Under 
the pre-Roanoke Rapids project river 
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conditions of 1953 the mean summer 
DO concentration was 7.90 ppm and 
the spread of the data about the aver- 
age was indicated by a coefficient of 
variation of 6.15 per cent. During 
the first year of impoundment within 
the Roanoke Rapids Reservoir the 
mean summer DO concentration at the 
Highway 48 bridge was 5.35 ppm and 
the coefficient of variation was 18.90 
per cent. The second year of im- 
poundment produced an average DO 
concentration of 5.36 ppm and the co- 
efficient of variation was 14.73 per 
cent. Thus, it appears that impound- 
ment within the Roanoke Rapids 
Reservoir produced a decrease of about 
2.50 ppm in the average summer DO 
concentrations in the critical water-use 
area immediately below the project. 
Occasional samples indicated that the 
drop in DO concentrations recorded 
at the Highway 48 bridge stemmed in 
large part from the failure of the reser- 
voir to provide the same degree of 
reaeration formerly acquired in the 
inundated natural stream channel. 
The residual effects from deoxygena- 
tion in Kerr Reservoir, formerly elimi- 
nated in the natural stream channel, 
now extend through the Roanoke 
Rapids Reservoir and reach the High- 
way 48 bridge. 

The implications of the loss of down- 
stream DO following impoundment are 
quite apparent in an area where or- 
ganic waste carriage and absorption 
are an essential function of the river. 
However, the importance of the much 
wider variations in summer DO con- 
centrations should not be overlooked 
as an undesirable consequence of river 
impoundment. Utilization of the full 
potential of the river to absorb organic 
waste is greatly complicated, for avail- 
able oxygen concentrations are no 
longer a direct function of river dis- 
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charge. The quantity of organic wastes 
that can be safely discharged into the 
river will be quite different if, at the 
point of waste loading, the river water 
contains 3.80 instead of 6.90 ppm of 
oxygen per acre-foot of water (these 
are the 95 per cent confidence limits 
for DO per acre-foot in the 1956 data). 
In a river the size of the Roanoke, with 
an average summer discharge approxi- 
mating 4,000 cfs, variations in DO 
concentrations of this magnitude in- 
volve differences in daily oxygen 
concentrations amounting to more than 
25,000 ppm. The variation in oxygen 
content of water may be just as great 
within days as between days. 


Pollution Abatement 


The regulated release of pulp mill 
wastes has been recommended as an 
appropriate pollution abatement meas- 
ure. Under prevailing circumstances 
the bases for releasing these wastes 
must include the DO content of the 
river water, as well as river discharges, 
if the maximum value of the river 
for absorbing these oxygen-consuming 
wastes is to be realized. Waste load- 
ing can be safely increased when the 
oxygen content is high but it must be 
curtailed when the oxygen content is 
low, even though the river discharge 
is identical under both circumstances. 

At present it appears that the fluc- 
tuating DO concentrations created by 
impoundment of the Roanoke River 
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have introduced somewhat of a di- 
lemma between releasing the wastes 
on the basis of river discharge inte- 
grated with results obtained from con- 
stant monitoring for DO, or on the 
basis of river discharge with an as- 
sumed oxygen content fixed at some 
arbitrary value, presumably the mean. 
Oxygen monitoring coupled with river 
discharge offers a safe, but expensive 
and complicated method. The release 
of wastes on the basis of river dis- 
charge with an arbitrarily fixed oxygen 
content would be much simpler. It 
would, however, result in unutilized 
oxygen assets of the river when the 
actual oxygen concentrations present 
exceeded the arbitrary value. Also, 
on this basis stream classification 
standards downstream might be jeop- 
ardized when the oxygen content of 
the river water fell below the assumed 
value. 


Summary 


Impoundment of the Roanoke River 
has exerted dual effects upon DO con- 
centrations immediately downstream: 
average summer DO concentrations 
have been significantly reduced and 
variations in DO concentrations are 
much wider. Each effect has its se- 
rious implications in a local situation 
in which the river must absorb a heavy 
organic waste loading before it has an 
opportunity to recover from the de- 
grading effects «f impoundment. 


Estimating Reservoir Yields on 
a Digital Computer 


Samuel Jacobson, Everett L. MacLeman, 


and Richard E. Speece 


A contribution to the Journal by Samuel Jacobson, Director of Lab., 


New Haven Water Co.; Everett L. 


MacLeman, Assoc. Prof.; and 


Richard E. Speece, Asst.; both of the Dept. of Civ. Eng., Yale Univ., 


New Haven, Conn. 


STIMATIONS of the safe yields 

of impounding reservoirs may be 
obtained through various procedures, 
the choice of which depends upon 
available data. Some of the methods 
commonly used are the Rippl or mass- 
diagram method (1), Allen Hazen 
(2), Desmond Fitzgerald (3), New 
England Water Works (4, 5), and 
direct statistical analysis. A compara- 
tive study of these methods has been 
published by one of the authors (6). 
A typical problem in yield for which 
these methods do not provide the de- 
sired information is found in the Mill 
River system of the interconnected 
supplies of the New Haven Water Co. 
This system has a watershed of 37.7 
sqmi and a usable storage in Lake 
Whitney of only 258 milgal. Based 
on this storage, the standard proce- 
dures mentioned above indicate a safe 
yield of approximately 7 mgd for a 
95-per cent dry year. The slow sand 
filter now in operation has a plant ca- 
pacity ranging from 10 to 12 mgd. 
During the 40-year period from 1918 
to 1957 the average flow at the Whit- 
ney Dam was 42 mgd. The minimum 
annual average flow for the period was 
26 mgd in 1930, and a maximum of 


77.2 mgd occurred in 1953. Although 
this water must be filtered (7), its 
potential for future use is considerable. 

One possible procedure for increas- 
ing the use of this supply would be 
to increase the use of the other reser- 
voirs of the company during dry pe- 
riods. Drawdown of a reservoir be- 
yond the capacity of its watershed to 
replenish it during the runoff period 
is usually avoided. Lake Whitney, 
owing to a large watershed and small 
storage capacity, is naturally the first 
to fill and overflow; more extensive 
use of filtered water from Lake Whit- 
ney would permit a reduction in the 
amount of withdrawal from the other 
reservoirs. The capacity necessary for 
any proposed filtration plant at Lake 
Whitney for such an operational pro- 
cedure would require study from 
the standpoints of engineering and 
economics. 

An overly large filtration plant with 
most of its capacity idle during dry 
periods would be uneconomical. This 
would also be true during years with 
high runoff, when the other reservoirs 
would generally be full. The first 
step in the investigation of such a 
problem is to study the effects of filtra- 
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tion plants of various capacities on 
yield. By using past records, one may 
compute available runoff or the amount 
of water that plants of various sizes 
would have produced had they been 
operating at full capacity during the 
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years was obtained for plants with 
20-60-mgd capacities. 
Computer Analysis 


The data used cover 40 years of 
the Mill River records maintained by 


TABLE 1 
Full Yield From a Plant With a Capacity of 30 mgd 


No. of Days Available 


Full Yield 
mil gal 


1918-57 Avg Year 


138 3.4 
25 0.6 
37 0.9 
50 1.3 

111 2.8 

163 4.1 

253 6.3 

323 8.1 

358 8.9 

290 7.2 

312 7.8 

253 6.3 

257 6.4 

166 4.2 

158 3.9 

121 3.0 
67 1.7 

151 3.7 
79 
68 
34 
38 
61 
45 
72 
35 
29 
31 
39 
26 

10,812 


Soe ree ory 


Driest Year 


Driest Year 
(1930) Avg Year (1930) 


0.0 0 
1.8 
3.9 

11.2 
20.5 
37.8 
56.7 
71.2 
64.8 
78.0 
69.3 
77.4 
54.6 
54.6 
45.0 
27.2 
63.0 
36.0 
32.3 
18.0 
38.0 
33.0 
25.3 
43.4 
22.5 
18.2 
21.6 
28.0 
17.4 
8,109.0 
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entire period. This full yield would 
provide an indication as to the extent 
to which a plant would be in use. In 
this study the average full yield for 
the recorded period and for individual 


the New Haven Water Co. Several 
weeks are required to determine the 
average full yield for a filtration plant 
of a specific capacity. As indicated 
previously, a complete study would 
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entail investigation of a wide range of 
plant capacities. 

In order to save time, this problem 
was programmed for a computer * 
using a share assembler to enable it to 
be written in mnemonic. Any number 
of data can thus be used by dividing 
them into groups, not to exceed 6,000, 
which is the number of locations of 
core storage reserved. A program 
modification was used to enable the 
40-year record to be analyzed as a unit. 
A test word was placed at the end of 
each block of data to inform the ma- 
chine of the end of data. By placing 
a test word at the end of each year’s 
data, the data were also analyzed on a 
yearly basis. 

The data cards were punched in 
integer form with about 20 days of 
record per card. Calculations were 
thus carried out in fixed-point form, 
which is a little faster than floating- 
point form. The total number of cards 
came to about 750. Tape read-in and 
write-out were used for three reasons: 
[1] it is 25 times as fast as cards and 
an on-line printer; [2] the bulk of 
machine time was used in read-in and 
write-out rather than calculating; and 
[3] a very large amount of data was 
involved. 

The program as written included 
only the number of days the yield was 
available. Table 1 illustrates the data 
and how Points A and B were obtained 
for the curves in Fig. 1. Average full 
yields for the average year and driest 
year, respectively, were calculated by 
dividing the totals of the “Full Yield” 
columns in Table 1 for these years by 
the number of days in the year. This 
gave 25.2 mgd for the average year 
and 20.1 mgd for the driest year. For 


Model 704; a product of International 
Business Machines, Inc., New York, N.Y. 
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a general case both the amount of res- 
ervoir storage and the filtration plant 
capacity may be varied in the program. 

Curves of the type in Fig. 1 should 
be of assistance in deciding on the 
feasibility of the operational procedure 
and what would probably be the most 
economical size for the filtration plant. 
There still remain’ numerous other 
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Filtration Plant Capacity —- mgd 


50 
Avg Daily Full Yield mgd 


Fig. 1. Relationship of Plant Capacity to 
Average Daily Full Yield, 1918-57 


These curves are based on calculations 
from data such as that presented in Table 
1, which gave the locations of Points A 
and B. Solid curve, 1930 (driest year) ; 
dashed, 40-year average; dotted, 1953 
(wettest year); dashed and dotted, 1934 
(evenly distributed wet year). 


conditions and variables that must be 
considered, however, such as the modi- 
fication of these curves for plants of 
various sizes not operating at full ca- 
pacity and using all available runoff at 
all times. Because of the complexity 
of the interconnected system of which 
the Whitney reservoir is only a part, 
such a modification would be extremely 


difficult. 
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The curves also show the effect of 
a more even distribution of runoff 
when the curve for 1953, the wettest 
year, is compared with 1934, which 
ranked seventh. 

Further investigations should in- 
clude a study of wet and dry periods 
of years and the effect of extensive 
watershed development. 

It was not the purpose of this study 
to arrive at any decision as to the 
feasibility of a filtration plant, but to 
demonstrate the usefulness of digital 
computers in analyzing long periods 
of record. It is estimated that the time 
saved in this study was between 800 
and 1,000 hr. Programing and trans- 


ferring the data to cards required ap- 
proximately 120 hr, and actual com- 
puter time was only 14 min. 
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Water Supplies in the Central and 
Western Canadian North 


J]. W. Grainge 
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Alta. 


ETTLEMENT and development 
of the Canadian North are accel- 
erating at a rate that is staggering to 
those who in past years have known 
it principally as a vast native hunting 
and fishing ground. The reasons for 
this rapid development are many and 
varied, the more important being ex- 
tensive oil exploration, continuing de- 
velopment of hard-rock mines, con- 
struction of many residential and day 
schools, hospitals, government offices 
and residences, construction of the Dis- 
tant Early Warning (DEW) Line, 
an extensive network of all-weather 
roads, and northern extensions to two 
railways in Alberta and British Co- 
lumbia. Several new towns are ex- 
pected to be located along these roads 
and railways. 

Rapid development of many commu- 
nities has resulted in many problems 
of water supply, sewage disposal, and 
sanitation. In the Yukon and North- 
west Territories there are wow about 
a dozen communities served by water 
and sewerage systems, not including 
the DEW Line stations. Within the 
next 5 years there will be at least five 
more communities with water and sew- 
erage systems, two of which will be 
located along the Arctic coast. 

The intent of the author is to pro- 
vide information on northern water 


supplies; by this report of past suc- 
cesses, failures, and the conclusions to 
be drawn from them, others may be 
informed of the mistakes that can be 
made in these operations. The area 
under consideration is the Yukon Ter- 
ritory and central and western North- 
west Territories, including the south- 
ern Arctic islands (Fig. 1). 

The Mackenzie River flows through 
the center of a narrow northern ex- 
tension of the Great Central Plains of 
North America. This rich petroleum 
belt consists of river valleys known as 
the Mackenzie Lowlands and the high 
Peel Plateau. The soil is generally 
composed of unconsolidated glacial and 
alluvial deposits of comparatively re- 
cent origin. It is bordered by two 
mineral-rich rocky areas, the Cordil- 
leras in the Yukon Territory and 
Alaska on the west, and the Canadian 
Shield on the east. 

The islands in the Arctic Ocean are 
in the geographical plain known as 
the Arctic Archipelago. These islands 
have an undulating to flat topography 
and are covered with sedimentary rock, 
principally limestone. Wildcat wells 
are being drilled with expectations of 
finding rich oil pools underlying these 
islands. 

Most of the settlements were origi- 
nally trading posts surrounded by a 
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few log cabins or native tents. The 
traders were followed by Anglican and 
Roman Catholic missionaries, many of 
whom built hospitals and schools with 
government assistance. Since the last 
war, construction of government 
schools, airports, and residences has 
greatly added to these communities. 

In this haphazard way, settlements 
have sprung up at locations which, 
although suitable for log cabins, may 
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temperature of the warmest month in 
the Arctic is lower than 50°F. The 
line of separation corresponds roughly 
with the tree line. It runs generally 
in a northwest direction from the 
southern shore of Hudson’s Bay, con- 
tinues north of Great Slave Lake along 
the northern shore of Great Bear Lake, 
and intersects the Alaska~Yukon 
border less than 100 mi from the Arc- 
tic Ocean. Both the midsummer and 
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Fig. 1. 


Map of Central and Western Canadian North 


Show are all the settlements whose special water supply problems are discussed in 
this article. 


present difficult problems when general 
water and sewerage systems and large 
buildings are contemplated. Several 
of these settlements are on silt deltas 
that are subject to considerable frost 
heaving. In such geological forma- 
tions wells are generally unsatisfactory. 


Climate 


The climatic zones (7) of the Cana- 
dian North are sub-Arctic and Arctic. 
The usual distinction is that the mean 


midwinter climates of the sub-Arctic 
are almost as pleasant as that in such 
population centers of central Canada 
as Saskatoon, which is only 250 mi 
north of the 49th parallel, although 
the winters are longer in the northern 
region. 

The climate of the Arctic regions is 
much more severe, and midsummer 
and midwinter temperatures average 
about 20°F lower than those in the 
population centers of central Canada. 
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The summers are short, there being 
only 6 weeks of summer in the central 
Arctic and 4 months in the western 
Canadian Arctic. 


Wells 


In bygone years the Indians, traders, 
and placer gold miners usually trav- 
eled by boats in summer. The Eski- 
mos along the Arctic coast usually 
congregated at the mouths of the rivers 
to fish. As a result, the settlements 
invariably grew up on the shores of 
lakes or rivers where adequate quanti- 
ties of fresh though often turbid water 
were always available. Wells were 
dug as deep as possible by hand, and 
if suitable water could be so obtained, 
it was used. Otherwise the surface 
water was used, regardless of its 
condition. 

In recent years well-drilling rigs 
have been brought into the North and 
many successful wells have been 
drilled. At the motels at Mile Posts 
1,033 and 1,095 on the Alaska High- 
way 100 mi from the Alaskan border, 
artesian wells have been developed by 
drilling 160 ft, approximately 90 ft 
of which is through permafrost. It 
has been found that these wells can 
be kept flowing either with an electric 
heating cable or by permitting continu- 
ous flow. 

At Fort Smith at a depth of 170 ft 
is a limestone stratum in which large- 
capacity wells could be developed. 
This has not been done because the 
water contains 700 ppm hardness. 

At Fort Simpson there are 50-ft 
wells but the nitrate and chloride con- 
tents are high. Infiltration of septic 
tank effluent is suspected of being par- 
tially responsible. 

A 32-ft, permafrost-free well has 
been drilled below Marion Lake at 
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Fort Rae, which is in a permafrost 
area, but the water is very hard. 

At Hay River, large-capacity test 
wells 15 ft deep have been drilled on 
the lake shore. Infiltration wells will 
be used when a water system is built. 


Rivers 


The water in most rivers is turbid 
in summer and clear when the rivers 
are ice-covered. Generally the water 
in the rivers is uncolored, but Hay 
River is an exception. 

There is now only one water system 
where turbid river water is used. 
This is at Fort Smith on the Slave 
River. The water receives standard 
treatment—alum feed, mixing, set- 
tling, and filtration. 

A water system for the settlement 
of Fort Simpson, an island at the con- 
fluence of the Liard and Mackenzie, 
is now being planned. Here again, 
standard water treatment will be 
provided. 

At Inuvik, a new mainland com- 
munity 35 mi east of the delta town 
of Aklavik, a lake will be used as a 
storage reservoir for supplying the 
community when the river is turbid. 
River water will be lifted into Hidden 
Lake two or three times a year when 
the water in the river is clear. At such 
times the water will be fed into the 
distribution mains, the only treatment 
being chlorination. Treatment of 
water from the lake will consist of 
microstraining and chlorination. This 
unconventional system was designed 
as a result of the difficulties of con- 
structing a permanent water intake and 
conventional water treatment plant 
where there is unstable soil and deep 
permafrost. It is estimated that the 
reduction in capital cost is approxi- 
mately $500,000 and that there will be 
substantial savings in operational costs. 
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In order to prevent contamination 
of the rivers, because natives and 
freighting boats depend on the river 
for drinking water, disposal of sewage 
to the river is not advisable. The 
amount of available land in the North 
makes lagooning of sewage the most 
suitable method of disposal. 


Lake Water 


Although the mean annual precipi- 
tation throughout most of the Arctic 


Fig. 2. Above-Ground Summer 
Distribution System 


Water is taken from a delta lake, which 
is flooded during the spring breakup of 
the MacKenzie River. It is chlorinated 
and filtered to remove small water bugs 
and particles. The ditch is used to con- 
vey wash wastes (not from toilets). Silt 
gradually slumps into the ditch, which 
must be reexcavated each year. 


and sub-Arctic is less than 10 in., 
there is an abundance of lakes. There 
are two reasons for this; lake beds are 
in many cases watertight, and the sur- 
face evaporation is low. The rate of 
evaporation is low because the water 
is cold. The time of evaporation is 
short because the lakes are ice-covered 
for the larger portion of the year. 
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The lake beds are watertight be- 
cause much of the central Arctic and 
sub-Arctic is covered with Pre- 
Cambrian rock, and the lakes occupy 
the myriad glaciated depressions. 
There are few fissures in this rock and 
the lake beds are thus water sealed. 
Many other lake beds are made water- 
tight by the permafrost below them. 
There is no permafrost immediately 
adjacent to the water in the lakes, be- 
cause of the moderating influence of 
the water, but permafrost may exist 
below this adjacent zone. 

There is variation in the depth of 
both the upper and lower surfaces of 
the permafrost underlying lakes in 
areas of deep, continuous permafrost. 
The unfrozen-ground layer below very 
large lakes is thicker and the perma- 
frost layer is thinner owing to the re- 
duced heat loss to the water surface. 
In some cases this effect could lead 
to a complete break in the permafrost, 
and the lake could be spring fed (2). 
The survey crew, looking for a better 
site (recently named Inuvik) for 
Aklavik, in 1954 found several lakes 
that contained water markedly unlike 
that in other nearby lakes. It was 
thought that these might have been 
spring fed, but in no case was this ever 
investigated thoroughly. Twin lakes 
adjacent to the river, which are 4-6 ft 
deep, were investigated, and it was 
found that permafrost existed 2-3 ft 
below the bottom of the lake. Perma- 
frost is close to the ground surface in 
the neck of land between the lake and 
river. 

An interesting phenomenon  ob- 
served in deep lakes in winter is the 
stratification of the water. This is 
caused by variation in density with 
temperature. Water’s greatest density 
is at 39°F. Advantage of this fact has 
been taken by the company town of 


ag 


Jan. 1959 


Eldorado Mining and Refining Ltd. 
near Uranium City, Sask. The water 
intake in Beaverlodge Lake is located 
600 ft off shore where the water is 45 
ft deep. The temperature of this water 
varies between 36 and 38°F when the 
lake is frozen over and the water near 
the shore is 32°F. 

One of the worst problems encoun- 
tered in shallow-lake water sources is 
the increase of the concentration of 
salts in the water as the winter season 
progresses. In a typical lake on the 
south shore of Victoria Island in the 
Arctic Ocean, the water depth might 
be 10 ft and the taste of salts un- 
noticeable in summer, but in mid- 
winter when the ice is about 6 ft 
thick, the water may be unpalatable. 


Mackenzie River Delta Lakes 


Lakes in the Mackenzie River Delta 
deserve special mention. The delta is 
not fan-shaped like the average one, 
but is confined between two hard 
ridges, the Richardson Mountains on 
the west and the Caribou Hills on the 
east, and as a result is elongated, being 
40 mi wide by 140 mi long. 

During May of each year the delta 
is flooded by the melting ice and snow 
from the southern parts of its consid- 
erable drainage area, which at one 
point is only 220 mi from the 49th 
parallel. 

As in all north-flowing rivers, the 
ice in the Mackenzie River disinte- 
grates not so much by melting as by 
the lifting action of the rising water. 
The water in the river may rise as 
much as 30-40 ft and the churning 
of water and ice is a phenomenal sight. 

When this tremendous volume of 
water reaches the 5,000 sq mi of delta 
it spreads out over the wide expanse. 
Water in the delta channels rises 15-20 
ft, depending on the location, particu- 
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lar year, and the location of the ice 
jams. The thousands of elongated 
lakes that formerly were channels in 
the delta are filled with flood water, 
and the delta becomes a vast reservoir 
until the ice jams move out into the 
Arctic Ocean and the water level in 
the delta channels falls. 

The quality of the water in these 
delta lakes is generally superior to that 
of the mainland lakes. There is little 
algal life in the water, and the chemi- 
cal quality throughout the year varies 
very little from the Mackenzie River 
at the time of breakup (Fig. 2). The 
iron content is negligible compared to 
that of the nearby mainland lakes, 


TABLE 1 


Chloride Content of Tukoyaktuk Bay 
Water in May 


Depth of Sample* Chloride Content 
ft ppm 


6 129 
10 238 
13 303 
16 377 
19 499 


* Thickness of ice was 5 ft; total depth of water and 
ice at point of sampling was 21 ft. 


which is 1-60 ppm. The color is usu- 
ally less than 15 (platinum—cobalt 
scale), and the turbidity, though over 
100 ppm at the flood stage, drops to 
a negligible concentration within a few 
days. Aerial photos point up the con- 
trast between the clear, blue water in 
the delta lakes, the turbid, gray water 
in the channels and the iron-containing, 
brown water of many mainland lakes. 


Water Supplies From the Ocean 


In southern latitudes the cost of pro- 
ducing potable water from ocean water 
is high, but in the Arctic Ocean nature 
itself aids in making fresh water avail- 
able. One favorable phenomenon is 
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the downward displacement of the 
heavier salt water by fresh water. 
After the Arctic Ocean begins to freeze 
over in late October, the fresh water 
of the Mackenzie River spreads out 
over the ocean water at the river 
mouth and gradually displaces the 
ocean water downwards, with very 
little mixing of the two. At Tuktoyak- 
tuk, 18 mi east of the eastern delta 
channel, there is only 1-2 in. fresh 
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Drinking water is obtained from the 
ocean in winter, and sewage is dis- 
posed of on top of the ocean ice with 
little or no danger of contamination of 
the water. 


Water Supplies From Ice 


A second phenomenon that produces 
fresh water, though in very small quan- 
tities, is the extrusion of salts in the 
formation of ice crystals. Even after 
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Fig. 3. Frost-Heaving Phenomenon 


The ground around the circular patch of snow is fractured. This is on the mainland 
15 mi south of Aklavik. 


water below the ice surface in October ; 
by late December there is a sufficiently 
large layer of fresh water to be piped 
from the ocean; by breakup time in 
late May, the water is fresh for a 
considerable depth. On May 27, 1957, 
1-2 weeks before breakup, samples of 
water were taken from several depths 
in the bay, and results of these obser- 
vations are given in Table 1. 


the ice has formed, the salt may be 
gradually extruded if the ice tempera- 
ture rises. Advantage of this fact is 
taken by travelers in winter when they 
are near or on the ocean ice, and even 
in summer wherever drift ice floats 
near the shore. When the ocean ice 
breaks up in summer, clusters of the 
drift ice float about with jagged edges 
protruding above the surface of the 
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water. After freezeup in the fall, this 
ice may be melted and used for drink- 
ing water. 

The ice that is pushed up in the 
pressure ridges on the ocean becomes 
salt-free later in the winter. In an 
actual test in May of 1957, for exam- 
ple, the water obtained from ice from 
a pressure ridge contained only 169 
ppm chlorides, whereas that from the 
ice on the ocean surface 10 ft away 
contained 2,830 ppm. 

In many places ice on lakes or rivers 
is the only suitable source of water. 
When large quantities of water are 
needed, as at some of the DEW Line 
construction camps, a variety of meth- 
ods of harvesting this ice are used. 
Often long grooves are cut in the ice 
18-24 in. deep with beaver-tail chain 
saws. The ice between the cuts is then 
chopped and loaded on trucks with 
mechanical loaders. Sometimes a 
tractor-drawn ripper is used to break 
up the ice on the lake surface. 


Permatrost 


Before consideration of the problems 
of construction and maintenance of 
pipelines and buildings, a brief discus- 
sion of the definition of permafrost is 
advisable. This is a very complex 
matter, and many technical volumes 
have been written on the subject in 
both Alaska and Russia. In Canada, 
the Division of Building Research of 
the National Research Council has de- 
voted considerable time to this study 
since World War II and has published 
several reports. This discussion will 
cover only the barest essentials for 
an understanding of the information 
to follow. 

Permafrost is ground, the tempera- 
ture of which is perennially below the 
freezing point of water. Continuous 
permafrost covers almost all of the 
Northwest Territories, the northern 
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half of the Yukon and the northern 
fringes of Manitoba and Quebec (/). 

The upper surface of the permafrost 
zone is bounded by a layer of ground, 
which freezes and thaws according to 
the season and is generally referred to 
as the “active layer.” The depth of 
this layer varies with the soil cover 
and the mean annual air temperature. 
Where there is moss cover, the active 
layer is usually only a few inches thick 
in the Arctic and as thick as 2 ft in 
the sub-Arctic. Where the ground is 
bare it is usually 4-10 ft thick or more, 
depending on soil condition. The shal- 
lowness of the active layer where there 
is moss cover presents an interesting 
point. The moss dissipates heat by 
the evaporation of water from its sur- 
face (4). This feature will be dis- 
cussed further. 

The lower surface of the permafrost 
zone varies considerably. There is 
very little information on the subject 
in the Arctic regions of Canada. Min- 
ing and oil companies at various loca- 
tions report the following permafrost 
depths: Yellowknife, 150 ft; Port 
Radium, 325 ft; Norman Wells, 100 
ft near the river (probably deeper far- 
ther inland) ; Cornwallis Island, more 
than 1,000 ft (8). 

Permafrost is discontinuous along 
the southern fringes of the sub-Arctic. 
Even in what is considered to be the 
temperate zone there are islands of 
permafrost in the swamplands. In the 
more northerly areas, permafrost-free 
areas are found below cultivated soil 
and in open country. 

Sections of unfrozen ground in 
permafrost are known as “taliks.” 
These may exist as islands of unfrozen 
soil between the permafrost and the 
active layer or as complete breaks 
through to the unfrozen ground below 
the permafrost. Taliks have been used 
as water sources in Russia (2). The 


water is sometimes under pressure in 
the taliks and many unusual occur- 
rences have resulted from this phe- 
nomenon. In Russia the permafrost 
beneath one building was melted by 
the heat from the building, and water 
from a talik welled up through the 
floor and out the windows, forming 
frozen waterfalls below the sills. It is 
speculated that the frost mounds, called 
“pingos,” along the western Canadian 
Arctic Coast result from this phenome- 
non. The largest of these is located at 
Tuktoyaktuk and is 100 ft high. 
Frost heaving (Fig. 3) is a problem 
to builders as far south as the northern 
United States, but the effects are much 
more pronounced in permafrost areas. 
As in southern areas, however, frost 
heaving happens only in permeable silt, 
silt-clay or silt-sand soils (3). The 
presence of organic material compli- 
cates the problem. The distribution of 
this frost-heaving soil is unfortunately 
widespread in some of the more popu- 
lated parts of the Northwest Territories. 
Frost heaving takes place because 
the formation of ice crystals in the 
voids of a saturated soil at the inter- 
face where the water is being frozen 
as a result of heat transfer to the 
ground surface. Water travels to this 
interface by capillary action, feeding 
the growing ice crystals. The ice layer 
continues to grow thicker at the rate 
determined by the permeability of the 
soil as long as the frost line remains 
constant. The strength of the freezing 
crystals is tremendous and will raise 
any building or any soil burden above 
it. These ice crystals often form very 
fine layers less than 4 in. thick and 
separated by soil layers. Under favor- 
able conditions the ice lenses are 
thicker than the soil layers between 
them; some, called massive ice lenses, 
grow to thicknesses of a foot or more. 
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At Aklavik this ice has sometimes been 
used for drinking. The excavations 
from which the ice is taken are used 
as natural refrigerators. 

Massive ice lenses are common in 
the silt soils of the Mackenzie River 
Deita. The subsoil at Aklavik is sub- 
ject to greater frost heaving than that 
of any other soil known to the author. 
One soil core removed from a 10-ft 
deep test hole by the field team of the 
National Research Council in 1953 
was melted down and found to contain 
only a foot-high column of dry soil (5). 


Building Construction in Permafrost 

Regions 

The construction of buildings in re- 
gions of permafrost presents different 
problems in each area, which must be 
understood by the design engineers 
and builders intending to do work in 
northern Canada. Many buildings 
have been constructed in permafrost 
areas without any consideration of 
these problems, and some most peculiar 
effects have resulted. On the other 
hand, some builders, believing they had 
permafrost problems, have gone to con- 
siderable extra expense in the con- 
struction of buildings on ground where 
frost heaving was not a problem. 

The main problem is the extent to 
which the ground heaves differentially 
below various parts of the building. 
In the late 1940’s a two-story, frame 
hotel about 40 ft by 100 ft was con- 
structed on mud sills in the settlement 
of Hay River, which is on a delta 
island at the mouth of Hay River. 
Later short piles were added. There 
was differential heaving and settling 
of the building, with grades up to 5 
per cent, and the floor became gener- 
ally dish-shaped. Problems stemming 
fro:: the frost-heaving characteristics 
of the silt and organic soil at Aklavik 
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were responsible for a decision to 
construct a new settlement, recently 
named Inuvik, on a gravel deposit on 
the mainland on the eastern side of 
the delta. 

Where the foundation soil is gravel, 
coarse to medium sand, or tight clay, 
the soil is stable and is not subject to 
frost heaving. No unusual precautions 
need be taken when designing founda- 
tions for buildings on such formations 
(3). 

If the foundation soil is silt, silty 
clay, silt and sand or organic materials, 
special precautions must be taken to 
prevent damage to the buildings by 
differential frost heaving and _ settle- 
ment. This subject has been dealt with 
in considerable detail in many technical 
papers (2, 3). Briefly summarized, 
the most important of their recommen- 
dations are as follows: 

1. The building should rest on piles 
anchored in the permafrost to a depth 
twice that of the active layer. 

2. In addition to placing the build- 
ing on piles, one may also preserve the 
thermal regions of the present ground 
by adding insulating material over the 
soil. 

3. An open air space below the floor 
protects the soil below the buildings 
from the heat from the inside. 

4. The unstable soil should be exca- 
vated and replaced with gravel or sand 
if piles are not used. 

5. Small, low-cost buildings should 
only be built on mud sills. 

The way to construct a large water 
treatment or other kind of building, 
with an underground water reservoir, 
is exemplified in the largest building 
in Aklavik, which is located on an 
island in the delta of the Mackenzie 
River. This building is a residential 
school, 140 ft by 35 ft, two stories high, 
and has a basement ceiling 9 ft high. 
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The reinforced-concrete basement walls 
are 14 ft high and flare out at the base. 
The bottom of the wall footing extends 
12 ft below the ground surface and 5 
ft below the concrete floor. Both the 
1-ft thick concrete footings and the 1-ft 
thick basement floor rest on gravel, 
which was placed there prior to con- 
struction. The basement floor is 
drained to a sump, and in spring there 
is a small discharge of ground water 
through one or two cracks in the floor. 

When last examined in 1958, there 
were no indications of either settlement 
or frost heaving below the wall foot- 
ings. There was a small amount of 
settlement below the basement floor 
on the south side of the building, but 
no sign of frost heaving. 


Water and Sewer Pipelines 


Pipelines may be laid above ground 
or buried, there being several alterna- 
tive methods of heating and insulating 
each of these systems. These will be 
discussed briefly. 

“Utilidors” are made of insulated 
boxing which contains the water or 
sewer pipes and usually steam and 
steam condensate pipes. They may be 
constructed above ground (Fig. 4), in 
which case they are usually weather- 
proofed and insulated, or below 
ground, in which case provision must 
be made for drainage. Some, such as 
those at military bases near Fairbanks, 
Alaska, are made of concrete and are 
large enough for workmen to enter. 
Canadian experience is limited to sim- 
pler construction except in southern 
latitudes. 

The hard-rock—mining towns in the 
Northwest Territories use these sys- 
tems. These settlements are located 
on solid rock and are compactly laid 
out. The above-ground utilidors con- 
tain pipes for water, sewage, steam, 
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and steam condensate for heat and 
service for all buildings. 

Utilidors also have been used at a 
few company towns located on sedi- 
mentary deposits, the most interesting 
of which is the oil refinery settlement 
of Norman Wells (Fig. 4). In this 
settlement steam heat and drinking 
water are also supplied to government 
buildings almost a mile from the heat- 
ing plant. This system was con- 


structed at the time of the development 


Fig. 4. Utilidors 


The upper photograph is of a utilidor 
under construction at Inuvik. Two top 
pipes (welded steel) contain hot water; 
bottom outer pipes (asbestos-cement) are 
for water and sewerage; and the bottom, 
middle pipe is for replenishing Hidden 
Lake with water from the Mackenzie 
River in winter, when the river is clear. 
The utilidor at Norman Wells (lower 
photograph) rests on wood blocks on 
earth mounds. 
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of the Canol Pipeline extending from 
Norman Wells to Whitehorse by the 
US Army. 

The soil at Norman Wells is mainly 
silt, containing fine sand and scattered 
lenses of gravel and clay, and is sub- 
ject to considerable frost heaving (6). 
It is not surprising, therefore, that the 
underground utilidors that were first 
used were found too difficult to main- 
tain. These metal utilidors were laid 
with insulation at shallow depths. 

They were replaced by wood frame 
utilidors, weatherproofed, insulated 
with asbestos paper, and set on wood 
piles spaced approximately 8 ft apart. 
These piles were reportedly driven into 
the solid ground but were not anchored 
securely in the permafrost, and it was 
found that heaving and _ settlement 
were a problem. 

During the summer of 1954 the utili- 
dors were laid on small wood blocks 
on earth mounds. It was found that 
earth mounds are easier to maintain 
after differential settlement than are 
piles and that additional insulation is 
provided by the drifting snow cover 
in winter. 

Long, buried pipelines are success- 
fully used in Fort Smith, Whitehorse, 
Yellowknife, and Dawson. The first 
two places are in regions of discontinu- 
ous permafrost, and there is no perma- 
frost in the particular places where the 
pipes are buried. 

At Fort Smith the pipes in the dis- 
tribution system were originally laid 
in 1950 with 9-ft soil cover, and in 
winter the householders at the ends 
of the lines kept taps running slowly 
for 24 hr a day. These pipes have 
since been relaid with 11-12-ft soil 
cover and there have been no problems 
with freezing. The bleeding of the 
lines is not now required. 
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At Yellowknife, where the perma- 
frost extends to depths of 150 ft, a re- 
circulating, dual-main distribution sys- 
tem was laid in 1949. There are two 
separate systems of mains and service 
connections. Heated water is supplied 
to the homes by a high-pressure sys- 
tem. Water flows from one system to 
the other through an orifice connection 
in the basement of each building and 
returns to the water plant through the 
second system. 

The single-main recirculation sys- 
tem designed by W. Page of the Arc- 
tic Health Research Center, Anchor- 
age, and constructed at Fairbanks, 
Alaska, has probably outdated the 
dual-main recirculation system used 
for large distribution systems. 

At Dawson the wood stave mains 
are only 2 ft underground and some 
service pipes are less than a foot deep. 
In winter water is heated to 40°F. 
Sufficient water flow to prevent freez- 
ing is maintained by bleeding in each 
house and at the dead ends of the 
mains. Hydrants are wind-tight and 
heated with 100-w heaters. 

One of the most inexpensive and 
successful methods of laying a pipeline 
is to lay the pipe on the ground sur- 
face and cover it with 3 ft of moss. 
The moss provides good insulation by 
entrapping large amounts of air and 
supporting a heavy blanket of snow. 
In practice, moss has been demon- 
strated to be almost valueless as insu- 
lation around buried pipes, however, 
because it becomes water-saturated 
when buried (4). 

There are many other methods of 
insulating pipe. Some pipe is manu- 
factured with insulation already on it. 
The amount of insulation around a 
pipe must be calculated according to 
the temperature of the water, the ex- 
pected air temperatures, and the rate 
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of pumping. At the Anglican mission 
school and hospital in Aklavik, water 
is piped through about 600-700 ft of 
uninsulated 24-in. iron pipe in the 
coldest of weather. The water is 
heated by pumping it first through a 
homemade wood-burning, jacket hot- 
water heater. 

At the sites on the DEW Line, sew- 
age at about 65° F is disposed of by 
pumping it out through 500-600 ft 
of uninsulated, 3-in. aluminum pipe. 
Trouble was experienced only at those 
sites where complete drainage of the 
line after each pumping was not pos- 
sible owing to dips in the line. 


Water Supply Lines 


A few water supply lines up the high 
(75-175 ft) river banks of the Mac- 
kenzie River or its tributaries are par- 
ticular problems. Many of these banks 
are fairly steep, but when the moss and 
shrubs are stripped during construc- 
tion the permafrost melts and the satu- 
rated bank slides. 

A similar effect may result when 
matted surface cover is removed, leav- 
ing this ground subject to surface 
water erosion. This occurred at Fort 
Nelson on the Alaska Highway, where 
in 15 years all the earth from around 
a 20-ft deep tank slid down the bank. 

At Fort Smith this problem was en- 
countered in 1951, the first year after 
construction of the water supply line. 
The engineer introduced 12-ft sections 
of rubber hose in the line at both the 
top and the bottom of the bank. The 
pipeline was laid in an insulated, water- 
proofed boxing which merely rested 
on the ground surface. In the 6 years 
since this alteration the bank has 
slipped sufficiently to extend the top 
rubber hose to its full length. 

This supply line is being replaced 
with pipe of larger diameter and the 


fis 


66 J. W. GRAINGE 


consulting engineer has proposed that 
manufactured insulated pipe be used. 
This is to be mounted on wood blocks 
and the permafrest raised by placing 
a foot or two of moss over the area. 


Heating of Supply Lines 


There are a number of alternative 
methods for prevention of freezing in 
supply lines. In many cases the lines 
are contained in utilidors and heated 
with the steam pipe supplying heat to 
the pumphouse. At Fort Smith, water 
is heated in a hot-water tank and dis- 
charged through the supply line to the 
intake well each time before pumping. 
The line is drained by the opening of 
a motorized valve each time the pump- 
ing stops. 

For a proposed water supply line at 
Fort McPherson a different method 
was recommended. It was suggested 
that a hot-water heater and a tank with 
a thermostat be installed in the pump- 
house. All water would be pumped 
through this to the supply line. The 
line but not the hot water tank would 
be drained by use of a motorized valve. 

At some locations all water is heated 
to a few degrees above freezing in coils 
in portable, wooden boxes located at 
the pumphouse. These pipelines are 
also drained after pumping. 


Conclusion 


This paper has covered some of the 
problems of water supply peculiar to 
the central and western Canadian 
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North—the sources of water, the heat- 
ing and insulation of pipelines, and the 
construction of buildings and pipelines 
where there is permafrost on frost- 
susceptible soils. Various solutions to 
these problems have been briefly de- 
scribed, but, for the most part, dis- 
cussion of the more technical, engineer- 
ing aspects has been avoided in order 
that the larger picture might briefly be 
presented. It is hoped that others 
planning to do work of this kind in 
the North may benefit from the experi- 
ences recounted here. 
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N August 1956 the commissioning 

ceremonies for one of the largest 
water supply systems in South Amer- 
ica took place in Caracas, Venezuela. 
This was the final act in the execution 
of a $42,000,000 project. 

The population of Caracas has 
almost tripled in the last 15 years and 
is now more than 1,100,000. The 
city’s water supply, always something 
of a problem for the authorities, under- 
standably proved unequal to this rapid 
increase in demand. Before 1956 
Caracas was supplied by ground water 
and by a number of reservoirs filled 
by the runoff from the surrounding 
hills. An average of about 26,000 
gpm is available from these sources. 
Caracas is located in a tropical region, 
however, where 6 months of heavy 
rains are followed by an equal period 
of drought. Caracas’s water require- 
ments were not unduly difficult to sat- 
isfy during the rainy season, but dur- 
ing the dry months there were quar- 
ters of the city which were without 
water for days on end. The unusually 
swift growth of the city naturally ag- 
gravated these conditions and relief 
measures soon became imperative. 

Beginning in 1947 the National In- 
stitute for Sanitation had a number of 
water supply projects prepared. Nine 
projects were carefully studied and 
compared before the Rio Tuy- 
Mariposa project was selected. 


Tuy-—Mariposa System 


The Rio Tuy—Mariposa system com- 
prises a feeder station and four main 
pumping stations which operate in a 
series and raise the water a total of 
about 3,130 ft. The total input of the 
pumps in these stations is about 
60,000 hp. The steel conduit is 18 mi 
long altogether. Figure 1 shows an 
outline of the system. 

The Tuy River, which rises at an 
altitude of about 7,900 ft on the south- 
ern flank of the coastal cordilleras, is 
dammed above Santa Teresa, about 15 
mi from Caracas. The water for Ca- 
racas flows first through three screen- 
protected intakes into a sluice chamber, 
and then through two concrete pipes, 
each 484 in. in diameter, and into the 
two suction chambers of the riverside 
feeder station. Four vertical mixed- 
flow pumping sets are installed in this 
station, two in each suction chamber. 
Each of the four units is designed to 
handle 12,150-13,730 gpm, against a 
head of 22-19% ft, when running at 
590 rpm. The pumping sets deliver 
the water through nonreturn valves 
into a supply conduit whose branches 
lead into three settling and desilting 
tanks. Each tank is 194 ft long, 59 ft 
wide at the top, and 10 ft deep. About 
80 per cent of the entrained substances 
in the water are precipitated in these 
settling tanks. The desilted water is 
then enriched with carbonic acid in 
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-three parallel tanks, each about 82 ft 
long. The water then flows into 
transverse clear-water tanks 197 ft 
long and 82 ft wide where chlorine is 
added to prevent the growth of algae. 
The four pumps of Station 1 draw 
the water from this tank. 

Each of the four stations has four 
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four stations, together with the feeder 
pumps, raise the water from an alti- 
tude of about 430 ft to an altitude of 
3,560 ft, a total difference of about 
3,130 ft. The delivery pipe to which 
all four stations are connected runs 
almost horizontally from its highest 
point for a distance of about 3.1 mi 
(Fig. 1) before opening into the Cor- 
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SECOND SECTION 


Section of Rio Tuy—Mariposa System 


This part of the system carries water through a steel conduit from an altitude of 


about 430 ft to a maximum altitude of about 3,560 ft, a rise of about 3,130 ft. 
distances refer to the length of section of the conduit. 


Other 
Total length of the conduit, 


from Pumping Station 1 to the Cortada del Guayabo Tunnel is about 18 mi. 
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tada del Guayabo Tunnel, which has 
an ID of 6 ft 7 in. and a total length 
of 5,050 ft. The water then flows 
down the bed of the Rio El Valle to 
the Mariposa Reservoir. This reser- 
voir has a total capacity of about 
335,000,000 cu ft and serves as a raw- 
water reservoir for the Caracas filtra- 
tion plant about two-thirds of a mile 
farther down the valley. From the 
plant the filtered water goes into the 
city’s distribution system. 


Pumping Stations 


An important problem in the Rio 
Tuy—Mariposa system is to raise about 
46,000 gpm of pretreated water to an 
altitude of 3,560 ft, overcoming a static 
head of 3,130 ft and the attendant pres- 
sure losses it causes. 

The division of the system into a 
feeder station and four main stations 
equipped with four pumping sets each, 
operating in parallel, was partly dic- 
tated by the maximum connected load 
of 3,500 hp per unit permitted by the 
Caracas electricity authorities. Four 
vertical, mixed-flow pumps are in- 
stalled in the feeder station and are 
automatically controlled in accordance 
with the water level in the clear-water 
tanks. Each of these units is designed 
for the following performance: 


Delivery—gpm 12,150—13,730 


Total delivery 


head—ft 22-19% 
Speed—rpm 590 
Input—hp 100-99 


Motor rating—hp 135 


Figure 2 shows the test results and 
characteristics of one of these feeder 


pumps. 

The positions of the pumping sta- 
tions (Fig. 1) were fixed by the topo- 
The clear-water 


graphical conditions. 
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tanks are before Station 1; a surge 
tank and the equalizing reservoir are 
before Station 2; a surge tank and 
an equalizing tower 56 ft high and of 
17,500 cuft capacity are before Sta- 
tion 3; and a surge tank and an equal- 
izing tower 46 ft high and of 14,000 
cu ft capacity are before Station 4. 


36 
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Fig. 2. Feeder Pump Performance 


Curve A represents total delivery head, 
B represents input, and C represents ef- 
ficiency of a feeder pump of the system. 


The surge tanks (Fig. 3) consist of 
pipes of the same diameter as the pipe- 
line, 3 ft 9 in. They stand upright and 
are surrounded by reinforced concrete 
supports. The equalizing towers of 
Stations 3 and 4 are cylindrical struc- 
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tures, each one 23 ft in diameter 


(Fig. 4). 

The pumps in Station 1 deliver the 
water from the clear-water tanks into 
the equalizing reservoir. 


Stations 2, 


Fig. 3. Surge Tank 


The first surge tank in the Rio Tuy- 

Mariposa system, placed about 4.5 mi 

aiong the conduit from Pumping Station 
1 (Fig. 1). 
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3, and 4, however, form a single inter- 
connected system, the pumps in each 
lower station delivering directly to the 
pumps in the station above. The two 
equalizing towers smooth out any 
fluctuations. 

Each of the four pumps in any given 
station is connected in series with a 
corresponding pump in each of the 
other stations. All sixteen main 
pumps are of identical design, a fea- 
ture which is highly advantageous as 
far as the provision of spare parts is 
concerned. The pumps are two-stage, 
double-flow units in horizontal ar- 
rangement with diffusers and radial 
impellers and a common spiral casing 
(Fig. 5). Instead of stuffing boxes 
with soft packings metallic seals with 
inserted rings of the labyrinth type are 
used. The rotor runs in the water- 
cooled, ring-lubricated bearings and is 
flexibly coupled to the rotor of the 
three-phase motor. 

The cooling water is taken from each 
main pump upstream from the first 
pressure stage and goes through an 
indicating flowmeter and a regulating 
valve to the cooling coils of the bear- 
ings. It is returned through a col- 
lector to the suction pipe, passing by 
way of a flow detector with an elec- 
tric contact. Consequently, no cooling 
water is lost. 

Each of the pumps in Stations 2, 3, 
and 4 is designed for the following 
performance : 


11,500 
833 
1,500 
3,380 
3,800 


Delivery—gpm 

Total delivery head—ft 
Speed—+ pm 

Input—hp 

Motor rating—hp 


When all of the series of pumps are 
in operation about 46,000 gpm are sup- 
plied to the city of Caracas. 
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Some characteristics of one of the 
main pumps are shown in Fig. 6. 

The four pumps in Station 1 each 
absorbs 3,450 hp and delivers more 
water than the pumps installed in the 
other stations—12,150 gpm instead of 
11,500 gpm. 

The nominal performance data of 
the synchronous driving motors for the 
pumps are as follows: 


Voltage—v 6,000—6,600 
Current—amp 277-272 
Speed—rpm 1,500—1,800 
Frequency—cycles 50-60 


Output at shaft—kw 2,800—3,020 


All these motors are designed so 
that they can also be operated at 60 
cycles per second. The system’s fre- 
quency may later be raised from 50 to 
60 cycles. 


Operation 


Station 1 normally transmits the op- 
erating control signals to Stations 2, 
3, and 4. To illustrate this: it may 
be assumed that the whole plant is out 
of operation when the order to start up 
is received by telephone from the filtra- 
tion plant at Caracas. One of the 
units in Station 1 is then automatically 
started by throwing the control switch. 
The 6-kv switch closes, the motor starts 
up, and at a certain speed the exciter 
is switched on. As soon as the motor 
is synchronized the discharge valve 
opens and the pump begins to deliver. 
The flow of water now produces a 
pressure difference in the pitot tube 
at the inlet to Station 2 and this pro- 
vides the signal for the starting of the 
corresponding set in Station 2. The 
flow from Station 2 provides the signal 
for Station 3, and the flow from Sta- 
tion 3 provides it for Station 4. 


The operator in Station 1 can follow 
the various automatic operations on a 
luminous indicator panel. As soon as 
the discharge valve is open in Station 
4 the second and third series of pumps 
can be switched on as required. 

The automatic equipment of the 
whole plant is so devised that the 
pumps in Stations 2, 3, and 4 start 
up only when the water level in the 
equalizing reservoir or in the equaliz- 
ing towers is above a certain minimum. 

It is also possible for a water-level 
signal transmitted from the equalizing 


Fig. 4. Equalizing Tower 


Pumping Station 3 and its equalising 

tower. This tower, one of two in the 

part of the system shown by Fig. 1, is 
23 ft in diameter. 


reservoir to start up a pump in Sta- 
tion 1; the corresponding pumps in 
Stations 2, 3, and 4 then come into 
operation in succession as soon as a 
certain water level is reached in the 
equalizing reservoir. The _ single 
pumps in each station may also be 
started or stopped by hand with con- 
trol switches. Finally, all the pumps 
may be started or stopped by manual 
remote control from main Station 1 
by means of high-frequency currents 
superimposed on the high-voltage line. 
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The water levels in the equalizing 
reservoir and the towers, the switch 
positions in the high-voltage part of 
the transformer plants, and the work- 
ing conditions of individual pumps 
(whether in operation or not) can also 
be transmitted to Station 1 and opti- 
cally indicated there. 

The usual procedure is to start one 
of the series of pumps and to wait until 
the whole series is in operation before 
starting the next, and possibly the 
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Stopping, like starting, may be ef- 
fected either automatically or by hand. 
If the pumps are to be automatically 
stopped the order to shut down is 
transmitted by the water-level detec- 
tors to the feeder pumps as soon as 
the level in the clear-water reservoir 
has reached the maximum height or 
the level in the suction well has 
dropped below 430 ft. 

The main pumps are shut down 
either by hand—by operating the con- 


Fig. 5. Main Pump 


A two-stage, double-flow main pump used in the system. 
This pump is designed to deliver 11,500 gpm. 


removed. 


third and fourth series, as required to 
meet the demand for raw water in 
the Mariposa Reservoir. The pumps 
are consequently started in sequence 
and at adequate intervals so that the 
electric mains cannot be overloaded. 
Time switches insure that the syn- 
chronous motors cannot be put into 
operation again until at least 20 min 
have elapsed since the previous 
startup. 


Upper casing has been 


trol switch in the station—or else by 
remote control, which may be used 
either to shut down a whole series of 
pumps or, if required, individual units 
only. The discharge valve is closed 
at the same time as the motor is 
stopped. The pump is therefore ready 
for the next start as soon as the mini- 
mum interval of 30 min has elapsed. 

If the electric supply fails the dis- 
charge valves remain open. When the 
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supply is resumed these valves must 
first be closed before the main pumps 
can start again. 


Power and Special Equipment 


The three-phase, high-voltage line 
supplying electricity to the pumping 
stations is more than 13 mi long and 
is designed for operation at 115 kv. 
Stations 2, 3, and 4 each have two 
7,500-kva transformers. Station 1 has 
two 8,200-kva transformers. The sec- 
ondary voltage is 6,000 kva. 

Safety is insured by interlocking 
systems and safety devices. In the 
feeder station two float valves regulate 
the water level in the suction well and 
prevent the pumps from running dry. 
Transmitters regulate pump operation 
in the feeder station in accordance with 
the level of the water in the clear-water 
tanks. 

The main pumps in the stations have 
the following control equipment and 
special fittings : 

1. Suction valves with limit con- 
tacts which allow current to be sup- 
plied to the driving motors only when 
these valves are open 

2. Float switches with water-level 
transmitters which respond when the 
suction water level falls below the ad- 
missible minimum and thus protect the 
pumps against dry running 

3. Water-level transmitters which 
insure that the maximum water level 
in the equalizing reservoir and towers 
is not exceeded 

4. Discharge valves with limit con- 
tacts for remote-control operation and 
for automatic indication of the open or 
closed position; gears between these 
valves and their adjusting motors, pro- 
tected by torque limiters which take 
action if any jamming occurs 

5. Pump and motor bearings pro- 
tected by double or single thermostats 
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so that the pump in question is shut 
down if the maximum temperature of 
80°C is ever exceeded. 

The problem of pressure fluctuations 
has been treated in detail elsewhere 
(1). In the Rio Tuy—Mariposa plant 
the pipelines are fully protected against 
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Fig. 6. Main Pump Performance 


250 300 


Curve A represents total delivery head, 
B represents input, and C represents ef- 
ficiency of a main pump of the system. 


excessive pressure surges due to sud- 
den power failures. In Stations 1 and 
2, where the equalizing towers are sev- 
eral miles distant (Fig. 1), a consid- 
erable reserve of energy had to be cre- 
ated in order to prevent vacuum for- 
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mation in the discharge pipe. This 
energy reserve could only be provided 
in the form of large air vessels con- 
nected in parallel with the main pipe. 
These air vessels, which are located 
outside the pumphouse, also reduce to 
a harmless level the pressure shock 
following the first low-pressure wave. 

The compressors supplying air to 
the vessels are controlled by two elec- 
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reserve. These flywheels (Fig. 7) 
are solid, forged-steel discs slightly 
less than 5 ft in diameter and are keyed 
onto the ends of the motor shafts. 
All the main and feeder pumps, as 
well as the principal fittings and water- 
level regulators, are equipped with 
safety and alarm devices which re- 
spond in the event of any abnormal 
conditions occurring. Thus, the main 


Fig. 7. Flywheel 


Flywheels provide the energy reserve in Pumping Stations 3 and 4. This flywheel, 
in the main pump room of Station 3, is a solid, forged-steel disc, slightly less than 
5 ft in diameter. 


trodes in accordance with the water 
level. If the water level nevertheless 
rises too high an alarm signal is given. 
The alarm signal of Station 2 is trans- 
mitted to Station 1. 

In Stations 3 and 4 the length of 
the discharge pipe, which rises fairly 
steeply to the equalizing towers, is less 
than 3,000 ft, so that in these stations 
flywheels suffice to provide the energy 


pumps are specially protected against 
hot running as a result of prolonged 
operation with the discharge valves 
closed. All the discharge valves are 
furnished with small bypass pipes for 
this purpose which allow a certain 
amount of water to flow off, insuring 
that the pumps are sufficiently cooled. 

Two electrically driven vertical sump 
pumps are installed in Station 1 and 
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equipped with diaphragm switches. tions were commissioned yielded re- 
Two switches put them into operation sults which agreed very well with the 
in sequence and a third switch shuts calculated values for the equipment. 
them down. A fourth switch actu- 


Reference 
ates an alarm if the maximum water 
level in the sump is ever exceeded. 1. ~— JEAN. of 
ammer in umping ants. uiser 
_ The program of measurements car- Tech. Rev. (Switz.), No. 1 (1955), 
ried out after shutdowns when the sta- p. 22. 


Water Losses From Evaporation 


A preliminary report by the US Geological Survey estimates that more than 
21,000,000 acre-ft of water is evaporated annually from the water surfaces of 
fresh-water streams, lakes, canals, ponds, and reservoirs in seventeen western 
states. This is more water than is now being used for all the cities and com- 
munities served by public supplies in the entire nation. The USGS data on 
evaporation are part of a study of the savings that might be made by reducing <2 
evaporation losses in areas where water is in short supply. 

The following table shows annual evaporation losses for the seventeen western 
states and losses from the portions of stream channels and reservoirs that form 
the boundaries between states or nations. The latter are listed separately by 
river name and are not included in the state totals. 


| | 
Annual Evaporation Losses i| Annual Evaporation Losses 
1,000 acre-ft 1,006 acre-ft 
State or | . State or 
Boundary Large Small | Boundary Large Small 
River | Lakes Prin- om | River Lakes | Prin. caine, 
and cipal — Totals i and cipal eser- | Totals 
Reser Rivers it Reser- | Rivers | 
> i and | 
voirs* | Streams | voirs* | Streams 
Washington | 683 | 487 80 | 1,250 || North Dakota 991 68 415 1,474 
Columbia R. 545 Red R. (North) 46 7 53 
Oregon | 503 101 | 100 704 South Dakota 1,207 97 260 | 1,564 
Snake R. 106 | - | 106 Minnesota R. | 26 | 26 
Idaho 068 | 248 84 | 1,300 || Big Sioux R. | 6 6 
Montana 1,188 272 143 | +1,603 Missouri R. | 37 369 406 
Wyoming 431 7 85 587 || Nebraska 210 392 429 1,031 
Colorado 208 83 | 120 411 || Kansas | 192 268 217 677 
Utah 390 161 63 614 Oklahoma 394 352 234 980 
Nevada | 2 571 || Red R. 331 | 125 | 456 
California 1,352 | 202 203 | 1,757 Texas 1,148 406 633 2,187 
Colorado R. 1,135 230 | 1,365 Sabine R. 188 22 210 
Arizona o4 | 209 119 422 Rio Grande R. | 362 139 | 501 ins 
New Mexico 192 | 35 81 308 ———- 
| Totals 12,987 4,831 | 3,296 21,114 p 


* More than 500 acres, 
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Evaluation of Supervisory and 
Automatic Control 


Wellman E. Nusbaum 


A paper presented on Apr. 18, 1958, at the Conference on Control, 
Instrumentation, and Automation in the Water Supply Field (cospon- 
sored by the Missouri Section, AWWA), at the University of Mis- 
souri, Columbia, Mo., by Wellman E. Nusbaum, Black & Veatch, 


Cons. Engrs., Kansas City, Mo. 


HE engineer’s role in the applica- 

tion of automatic and supervisory 
control to water systems must extend 
well beyond the purely technical as- 
pects of control design. Not only must 
a control system be designed to per- 
form certain work functions, but the 
personnel who are to use it must be 
well trained. Certain controls may 
often be desirable but the utility man- 
agement may be unable to supply re- 
lated operation and maintenance re- 
The engineer in such 


quirements. 
instances must demonstrate his profes- 
sional responsibility to public bodies 
by advising against the use of such 


controls. Anything labeled automatic 
appeals to the imagination, but man- 
agement’s dream may result in lasting 
dissatisfaction, needless investment, 
and excessive maintenance expense if 
the control is not patterned to the using 
organization or if the organization is 
not reshaped to fit the control. One 
way or the other, adjustments must be 
made. 

The greatest desire and perhaps the 
greatest need for automatic equipment 
probably exist in systems where its 
use can least be warranted. Unfor- 
tunately, neither the desire nor the 
need alone can justify its installation. 
Plainly, then, to design properly, it is 


necessary to evaluate the application 
of controls in terms of the ability of 
the utility to use them efficiently. 

Seldom is any particular salesman- 
ship needed to promote the installation 
tion of an unattended station that 
would use automatic or remote super- 
visory controls. The acceptance of 
automatic controls by water utility 
management is surprisingly wide- 
spread. This is probably explained 
by the oversimplification of controls 
often found in enthusiastic advertising. 
In the past 10 years, people have read 
almost daily of push-button control of 
everything from warfare to housework. 
Missiles and dishwashers are remotely 
controlled or automatic—why not 
pumping stations? With satellites 
that were launched by controls cir- 
cling the earth and collecting and 
transmitting information back to con- 
trol stations, the remote control of an 
unattended pumping station appears, 
by comparison, a simple chore. No 
doubt it would be—for the same task 
force. 

It is interesting to note that nearly 
any control scheme and instrumenta- 
tion can now be made to operate at 
practically any distance. With this 
established, it is not hard to imagine 
how an ill-advised management and an 
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overenthusiastic control engineer might 
develop an unmanageable fantasy. Yet 
what might be an unmanageable sys- 
tem for one organization could be a 
very satisfactory one for another. 
What, then, is the difference? Again 
the difference lies in the specific situ- 
ation which application of this equip- 
ment develops in a particular utility. 
It is not so much a question of whether 
it can be done; the engineer should 
be interested in whether it is the right 
place to do it. 


Unwise Planning 


A water utility organization might 
easily embark upon a project that is 
overextended into automatic and _ re- 
mote supervisory controls. In the be- 
ginning, the arguments for such equip- 
ment may have been quite strong— 
higher quality, higher production rates, 
and lower operating cost. That proc- 
ess instrumentation produces a higher- 
quality product is well established. 
Management, in most other industries, 
could expect an increase in production 
rates ; water utility management is un- 
usual in this respect because it cannot 
establish its production rate; the 
proper rate is determined solely by the 
demand. Water utility management 
may expect to reduce operating cost; 
generally, it envisions a reduction in 
the number of operators. 

The original organization of this 
hypothetical system used manual labor. 
This labor was local and was in the 
full-time employ of the water depart- 
ment, but the new plant may use indi- 
rect labor. Indirect labor refers to the 
highly-skilled, nonproductive technician 
required to maintain the equipment. 

This indirect labor may be neither 
an employee of the water department 
nor even available locally, in the 
smaller communities, in which case it 
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becomes necessary to go outside of 
the department or the community for 
maintenance. This brings up a real 
problem. Who will maintain the 
equipment? Generally, local or plant 
electricians have had little, if any, 
technical training and are incapable of 
immediately assuming the responsibil- 
ity of maintaining intricate controls. 

The original system permits the re- 
pair or replacement of an individual 
and exclusive piece of equipment with- 
out affecting the operation of all other 
components of the system, whereas the 
new plant may be affected by faulty 
components, which are common and 
can disrupt the operation of the com- 
plete system. Solutions to this prob- 
lem are simplicity of control schemes 
and the employment of a thoroughly- 
trained and experienced technician to 
carry out a sound preventive mainte- 
nance program. 

The original system was compara- 
tively easy, during construction, to 
check out and place into operation, 
whereas the new plant will undergo 
a long adjustment period. There will 
be a long period of testing the equip- 
ment under various operating condi- 
tions, locating and correcting manufac- 
turing and installation errors, making 
changes, adjustments, and time set- 
tings in order to bring the complete 
system up to an acceptable level of 
performance. This may take weeks 
or months, depending upon the com- 
plexity of the controls, the skill of the 
workmen, and the quality and condi- 
tion of the equipment. It is this 
stage of construction that has so often 


been overlooked. During this time, 
management may become impatient 
and overcritical; operators may _be- 


come annoyed and uncooperative; the 
contractor is anxious to terminate the 
work ; bills for equipment become due; 
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and the public expects the most in per- 
formance. This is, however, a period 
requiring the maximum understanding 
and patience of management, the full- 
est cooperation of operators, and the 
highest level of ingenuity on the part 
of the engineers and technicians. 

It would be fine if a special task 
force (a crew of technicians trained in 
control and instrumentation) could 
place the station in operation and then 
be followed by operators especially 
trained to operate and maintain the 
equipment. This may be done, to a 
certain extent, by training operators 
and hiring a plant maintenance man 
who has had broad experience with 
instrument mechanics and electrical 
circuitry. Such a man should be fitted 
into the project during the early stages 
of construction. He should study the 
equipment, prepare preventative main- 
tenance schedules, arrange for spare 
parts, acquire test and maintenance 
equipment, and learn as much as pos- 
sible from technical representatives of 
the equipment suppliers. 

The original system was character- 
ized by the use of conventional, stand- 
ard equipment; the new plant, how- 
ever, will consist of varying amounts 
of special equipment, some of which 
may be custom designed. Supervisory- 
control equipment for remote instru- 
mentation and control of a particular 
system is of necessity custom built. In 
this respect, the utility faces a com- 
pound problem—that is, the probability 
of obsolescence and shorter service life. 
Because of the rapid technological 
changes and because many supervisory- 
control suppliers are in their infancy, 
it is difficult to know whether replace- 
ment parts will be available in even 
5-10 years, whereas 30-40 years is 
normal service life of a system. 
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Equipment suppliers generally pur- 
chase the component parts from other 
manufacturers and may have little con- 
trol over the discontinuation of their 
manufacture. The service life of the 
components may be uncertain, depend- 
ing upon their tolerances, operating 
characteristics, and applications. Com- 
petition in sales of the equipment may 
influence the quality of components, 
which may be calculated to last only 
through the warranty period. The 
greatest protection in this regard seems 
to be to select equipment from a well 
established supplier who has satisfac- 
torily supplied similar installations. 
This method of selection, unfortu- 
nately, places a hardship on _ the 
newer suppliers. 

Whereas the original system was 
characterized by flexibility of opera- 
tion, the operation of an automatic or 
remote-controlled station is quite in- 
flexible. Once equipment controls are 
installed to perform certain operations 
under certain conditions, the slightest 
change in the method of operation may 
require major modifications of the con- 
trol equipment. For example, to 
change an installation component de- 
signed to open and close a valve by a 
signal sent over a telephone inter- 
connection leased to the utility to per- 
mit throttling control of the valve could 
require major modifications in the 
supervisory control’s dispatching and 
outlying stations and in the valve- 
operating appurtenances. 

Thus when one converts from at- 
tended stations to automatic or remote- 
controlled stations, one leaves one 
epoch of operation and enters another. 
This progression requires a consider- 
able change in management’s thinking 
and in the attending personnel require- 
ments. Its effects on attitudes and 
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behavior may be even more influential 
than the technical changes. Conver- 
sion from steam-powered stations, for 
example, to remotely controlled, elec- 
tric-powered stations, while maintaining 
the former operating personnel, may 
be difficult ar.d trying. The new jobs 
may result in less physical fatigue but 
increased tension and mental effort. 
The operators will then be confronted 
with new demands that require addi- 
tional training and education. Jobs 
that originally called for manual skills 
and physical labor will call for mental 
skill and judgment. The operators 
will also become coordinators and tech- 
nicians, compelled to watch, endure 
tension and boredom, and intervene 
with immediate manual correction if 
anything goes wrong. Such operators 
must become analytical, develop the 
ability to conceptualize (rather than 
see) a situation, remain alert, and de- 
duce quickly what must be done. To 
do this the operator should have the 
ability to learn the complete system, 
its equipment and controls. Manage- 
ment must recognize that these new 
job requirements are different; it must 
assume the initiative in meeting train- 
ing requirements, and must be pre- 
pared to bear the risks and frustrations 
of the changeover period. 

Once this changeover period is near- 
ing an end, management may have to 
face the problem of job satisfaction and 
wages. Will an operator who has the 
ability and has assumed new responsi- 
bilities be satisfied with his original 
wages, or will he want the wages and 
benefits of the more skilled laborerers? 
Will the duties of a skilled technician 
be challenging enough to keep him sat- 
isfied? He will be the plant expert, 
the man that the utility would be least 
likely to transfer or want to lose. Will 


he fit into a regular job so that he can 
be immediately available as a trouble- 
shooter if full-time maintenance is not 
merited? The organization that finds 
itself faced with these problems after 
the installation of elaborate controls 
either failed to recognize the situation 
into which it was entering or neglected 
to prepare properly for it. 

All of this does not mean that a 
program of automatic and remotely 
controlled installations should not be 
established. It simply means that the 
prerequisites must be realized and 
achieved. These are, simply, that 
management must understand the 
probem, be enthusiastic about and have 
a real desire for controls, and be will- 
ing to provide the means and per- 
sonnel required to keep the equipment 
operating. 


Wise Planning 


A water utility can install automatic 
and supervisory controls wisely and 
with full knowledge of the situation 
that will arise through their use. In 
the beginning, the primary justification 
for the equipment was more than 
likely, better operating performance of 
the system, rather than a reduction in 
operating cost. A certain fallacy, that 
automatic and supervisory control is 
primarily installed to reduce operating 
cost, seems to exist. This may or may 
not be true. It depends upon the num- 
ber of stations involved, the character 
of the stations, and to a very large 
degree the competence of maintenance 
personnel. Wise employment of con- 
trol means selection of control features 
that are appropriate to the conditions 
in which they are to be used, for con- 
trol is not just good or bad; it is good 
under certain conditions. 
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This organization’s original, attended 
stations each required three shifts of 
operating personnel. The new un- 
attended stations require only the at- 
tendance of maintenance personnel. 
Usually such maintenance may be ac- 
complished during a single shift, and 
this maintenance shift may attend sev- 
eral stations. 

The attended stations required con- 
siderable expense and facilities for op- 
erator comfort such as additional heat- 
ing, in some cases air conditioning, 
washrooms, locker rooms, office space, 
and office equipment. The unattended 
station may be constructed without 
any of these, except for ventilation and 
the small amount of heating that may 
be required to prevent freezing. 

The original stations each were indi- 
vidual control centers from which only 
a part of the overall system could be 
analyzed and controlled. Under those 
circumstances management’s informa- 
tion on and control of the complete sys- 
tem were difficult to maintain because 
all data and directives had to be chan- 
neled back and forth by some form of 
voice communication. The unattended 
stations, supervised and_ controlled 
from a central control center, give 
management immediate information on 
all important system conditions, and 
provide virtual fingertip control of 
every component of the system. Such 
information and control obviously con- 
tribute to more efficient operation by 
permitting an up-to-the-minute analy- 
sis of the complete system. The analy- 
sis may point out certain trends, allow- 
ing management to anticipate a condi- 
tion in a particular area. The most 
capable and efficient means of meeting 
that condition may then be judged. 
Such judgment would be important in 
establishing additional power demand 
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charges at a particular station. It 
might be that reserve pump capacity 
at another station could more economi- 
cally serve. The immediate knowledge 
of system conditions provided by suit- 
able remote instrumentation permits 
an earlier dispatch of general mainte- 
nance crews to troubled areas, as in 
station failures and large main breaks. 


Proper Approach 


It is reasonable to expect that there 
will be more and more automatic 
equipment and unattended stations. 
The trend is well established and there 
will be no turning back. It seems wise 
to enter this era of more complexity 
with caution, and not to get into such 
a position that there is complete reli- 
ance upon equipment without prepared- 
ness for its service and maintenance. 

The operation of a complete water 
distribution system from a single, cen- 
trally located control center obviously 
is attractive to both large and small 
organizations, perhaps even more so 
in smaller communities, although their 
preparedness and maintenance facilities 
are generally poorer. Even so, engi- 
neers will be called upon by both large 
and small communities to prepare 
plans for unattended stations. Cer- 
tainly it is the engineer’s duty to in- 
form management of the consequences 
of the use of such equipment. Also, 
he should persuade management to 
prepare adequately for maintenance, 
and provide training of operators. 
Management can do a great deal in 
promoting a receptive attitude in op- 
erating personnel by keeping them in- 
formed and permitting a limited degree 
of participation in control system 
planning. 

The engineer must try to recognize 
the qualifications of the organization 
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and then select the most appropriate 
control scheme. The range of selection 
extends from near-manual to com- 
pletely automatic systems. Some- 
where within those boundaries is the 
most practical solution for any par- 
ticular organization. More safeguards 
must be provided for the less skilled 
operating staff, and the cost, therefore, 
will be proportionately greater. 

Consider, for example, a_ booster 
pumping station, beyond which lies a 
dispersed well field, all to be controlled 
and supervised from some central con- 
trol center. A very reliable control 
scheme would be a separate and com- 
pletely independent control system for 
each well pump and booster pump, to- 
gether with individual interconnections 
for remote instruments. Immediate 
maintenance would seldom, if ever, be 
required to operate continually from 
the central control station. Such a 
control system obviously would be quite 
expensive even if the distances in- 
volved were only a few miles. 

The system could be made still more 
reliable by underground, direct-wire 
circuits at even greater cost. A con- 
siderably less expensive system that 
might be used would employ only a 
single paired telephone line connected 
in common with all well and booster 
pumps. This same two-wire inter- 
connection would permit continuous 
remote instrumentation, together with 
remote control of all well and booster 
pumps. Then, however, immediate 
and first-class maintenance would be 
necessary even to approach continuity 
of operation from the central control 
station. 

More reliability, at additional line 
cost, could be obtained by separating 
control and instrumentation, thus pro- 
viding the operator, through instru- 
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mentation, with information on system 
conditions, although he may have lost 
control. Similarly, he could have con- 
trol even when instrumentation fails. 
Still greater reliability, again at more 
cost, would be realized by separating 
the well field and booster pump con- 
trols. The formation of such blocks 
of control, each separate and independ- 
ent, is a means of safeguarding against 
complete loss of control. The cost of 
equipment and signal channels is pro- 
portional to the number of control 
blocks, although the necessity for these 
blocks will be some inverse function 
of the caliber of maintenance available. 
In this respect, there are advantages in 
procuring equipment which can all 
operate over a single line, and install- 
ing it initially to operate over several 
lines to form individual blocks of con- 
trol. Then, as maintenance and care 
of the equipment becomes well estab- 
lished, signal channels may be aban- 
doned by grouping more of the control 
on a single line. 

Other schemes for lessening the dis- 
advantages and seriousness of control 
failure are many; none is perhaps so 
important, however, as the incorpora- 
tion of failure-safe features. In other 
words, the control system must not 
only be designed to function properly 
under normal conditions, but it must 
also work properly during abnormal 
For example, the designer 
must always consider what would 
happen in the event of power failure 
and what would happen when power 
was restored. Failures of contro! com- 
ponents, such as malfunction of limit 
switches, burned-out coils or contacts, 
and sticking solenoids are but a few 
possibilities. The performance of the 
equipment under many of these mal- 
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functions can be predicted and influ- 
enced by careful design. The extent 
to which a failure-safe control system 
should be employed depends upon the 
seriousness of the possible results of 
failure. There, the control designer’s 
problem becomes a problem of judg- 
ment, because the simplest control sys- 
tem is the best and a control system 
that is completely failure-safe cannot 
be simple. An absolutely foolproof 
control system is akin to perfection 
and, therefore, will seldom, if ever, be 
realized. 
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It must be admitted that the re- 
wards of automatic and supervisory 
control are many; its characteristics, 
however, must be understood and its 
employment must be recognized as 
much more than the utilization of just 
another piece of machinery. The im- 
portant question about installing con- 
trols is not whether it can be done but 
whether this is the place to do it. The 
use of automatic and supervisory con- 
trol equipment may require a reshap- 
ing of water-utility operation if its 
benefits are to be fully realized. 


Progress of Controls and Instrumentation 
at St. Louis 


Frank E. Dolson and Hadley A. Quade———— 


A paper presented on Apr. 18, 1958, at the Conference on Control, 
Instrumentation, and Automation in the Water Supply Field (cospon- 
sored by the Missouri Section, AWWA), at the Univ. of Missouri, 
Columbia, Mo., by Frank E. Dolson, Vice-Pres. of Distribution, and 
Hadley A. Quade, Staff Engr., both of the St. Louis County Water 
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ONTROLS and _ instrumentation 
leading to a high degree of auto- 
mation are attaining a position in water 
distribution systems second only to 
that of hydraulics. Ways are being 
devised to make better use of the 
underground piping system, which 
often represents as much as 50-70 per 
cent of the total amount invested in 
public water supply facilities. Some 
engineers are designing fully automatic 
booster pumping stations to increase 
the capacities of arterial mains for 
short periods of peak water demand. 
Other designers, by placing finished 
water storage in surface tanks at stra- 
tegic points and by depressing system 
pressure gradients below normal dur- 
ing the fill cycle, are achieving unusu- 
ally good 24-hr load factors on feeder 
mains. Often surface storage and 
pumping combined with booster pump- 
ing on the supply main will increase 
capacity by more than 50 per cent at 
much less cost than any other method 
and provide satisfactory reliability. 
Through the use of properly de- 
signed controls, stations can be made 
fully automatic. They may also be re- 
motely controlled from a central load 
dispatching center during critical pe- 
riods and operated on a self-contained, 
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fully automatic basis at other times. 
Proper combinations of pressure and 
flow-sensing devices, sequencing equip- 
ment, interlocks, time clocks, time- 
delay mechanisms, multiple-purpose 
valves, low- and high-pressure stats, 
leased wires, failure-safe circuitry, and 
other devices now available provide the 
designer with many possible ways in 
which functional requirements can be 
met. Valve closures, timed or propor- 
tionate to an increase in pressure or 
water level, can reduce or eliminate 
water hammer hazard. 

The pattern of water use in fringe 
developments is different from that in 
older cities which have a concentrated 
land occupancy and industry in pro- 
portion to population. Ratios of 30 to 
1 or more between the maximum peak- 
hour rate on hot summer days and the 
minimum night rate on off-peak days 
may often be observed. But more 
important to the distribution system 
designer is the variation between the 
maximum and minimum rate of usage 
on a maximum day. Often this ratio 
may be 10 to 1 or more. Little can 
be done to reduce this ratio in strictly 
residential areas. Some relief may be 
obtained by effective advertising or 
public relations efforts that stress the 
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futility of peak-hour sprinkling and 
the desirability of nighttime soaking 
of lawns and shrubs. The load factor 
on pipe supplying local distribution 
cannot be changed materially, but 
much can be done to improve the use 
ratio of the arterial and primary mains 
system. Although a unity load factor 
on supply mains is difficult to achieve, 
it may be approached by diversely 
locating balancing storage near points 
at which it is needed. The quantity 
of storage at any one point should be 
closely related to the needs of the 
area which it serves. 

If maximum benefit is to be obtained 
from such storage, it must be used ef- 
fectively. Uncontrolled use of water 
from elevated or surface tanks during 
off-peak periods may result in insuffi- 
cient reserve to handle peak-hour re- 
quirements. If the supply main in this 
situation is only large enough to handle 
about 120 per cent of the average daily 
flow on design days, service outage or 
reduced pressure may be expected. It 
is equally important to control the rate 
at which depleted storage is refilled. 
Where storage is scattered throughout 
the entire system in small units, pre- 
determined back-pressure control must 
be exercised if storage units more re- 
mote are to be completely and not just 
partly refilled. Only by apportioning 
the available capacity of the transmis- 
sion mains to the different storage fa- 
cilities can optimum and most economi- 
cal use of the system be obtained. 


St. Louis County System 


It is a purpose of this paper to dis- 
cuss the progress that the St. Louis 
County Water Co. be made toward 
fuller or better load factor use of its 
primary main system by the employ- 
ment of special equipment and controls. 
Two installations which are illlustra- 
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tive of all others in the system will be 
described in detail. These units, which 
are fully automatic within themselves, 
serve only a particular portion of the 
system. One of them, at certain times, 
is correlated with one of the three main 
plants, although for the most part its 
operation is controlled by pressure or 
water level at other strategic points. 

The second unit which will be de- 
scribed is locally controlled and its 
operation is not related to any other 
unit except by manual resetting of the 
control functions. Automation, in its 
true sense, has not been accomplished, 
in that there is no provision for auto- 
matic resetting of controls. 

A brief description of the distribu- 
tion system and a few of its salient 
features will aid in the understanding 
of why controls and equipment are so 
important in its operation. 

Through a network of 1,750 miles of 
pipe, the system supplies water service 
to 140,000 customers residing in a 210- 
sqmi area that borders the city of 
St. Louis on the north, south, and 
west. Three municipalties purchase 
water for resale through their own dis- 
tribution systems to 17,000 additional 
customers. The city of Kirkwood, 
with a population of about 25,000, pur- 
chases water for part of its peak re- 
quirements from the company under a 
special rate that takes into considera- 
tion the unfavorable load factor of this 
type of service. The county system 
serves directly or indirectly more than 
157,000 customers or slightly more 
than 600,000 people. 

These customers use almost 48 mgd 
on the average. Under extremely high 
temperatures and prolonged drought 
conditions, maximum-day water re- 
quirements may be approximately 115 
mgd and peak-hour usage may be at 
the rate of 195 mil gal. 
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Supply to the system is provided by 
three plants. The largest of these is 
located on the Missouri River and has 
a capacity of 85 mgd. The second 
largest, located approximately 15 mi 
downstream on the Missouri River 
from the first, has a capacity of 36 
mgd. <A third plant, which is the 
newest and smallest of the three, has 
a capacity of 15 mgd. The combined 
plants have a total capacity of 136 
mgd. 

The terrain of the service area has 
ridges which gently slope into nu- 
merous valleys and creeks, separating 
the watersheds of the three rivers that 
form the boundaries for most of St. 
Louis County. The difference in ele- 
vation between the bottom land adja- 
cent to the rivers and high points along 
the ridges varies between 250 and 350 
ft. This variation in relief poses many 
problems in maintaining proper pres- 
sure to concentrated groups of custom- 
ers residing at the extremities of these 
elevations. 

Except for two large areas, which 
contain only a small proportion of the 
total number of customers, service is 
rendered through what is normally 
considered a single pressure system. 
One of the separate pressure districts, 
known as the Ellisville district, has a 
maximum requirement of 1 mgd. The 
other, known as the Sunset-Mehlville 
district, has a maximum requirement 
of 5-6 med. 

There is now installed within the 
system 26 mil gal of finished-water 
storage. Of this total, 10 mil gal is 
in a centrally located reservoir that 
receives the entire output of one sys- 
tem of transmission mains. All water 
is repumped at this reservoir, and pres- 
sure control in the single pressure sys- 
tem is adjusted and maintained by 
staffing the pumping station on a 24-hr 


INSTRUMENTATION AT ST. LOUIS 85 


basis. Because this station is subject 
to manual control, data resulting from 
its operation are excluded from this 
presentation. 

The remainder of the storage is scat- 
tered throughout the system at points 
of high elevation in four 250,000-gal 
elevated tanks, three standpipes having 
a total capacity of 2.3 mil gal, and six 
steel surface tanks, having a total ca- 
pacity of 12.5 milgal. In addition, 
Webster Groves, one of the wholesale 
customers, has storage of 1.9 mil gal. 

Each surface tank is equipped with 
pumps having sufficient capacity to 
deplete its storage between the hours 
of 5:00 and 10:00 pm on a maximum 
day. Most of these pumping stations 
have the capacity to pump at the rate 
of 14 mgd. 

The size of the service area and the 
magnitude of the topographical relief 
require extensive use of booster and 
tank pumps to meet service require- 
ments on hot summer days at mini- 
mum cost. Excluding pumps associ- 
ated with storage tanks, as many as 
fourteen booster pumps at eleven dif- 
ferent locations are often used simul- 
taneously in the distribution system 
on such days. 

The amount of water used by in- 
dustry in this system is small com- 
pared to residential usage. The vari- 
ation in the rate of water use at dif- 
ferent hours during the day and night 
1s typically residential. In the summer- 
time the rate of usage peaks between 
7 and 9 pm and it recedes rapidly 
thereafter to only 30 per cent of aver- 
age during the early-morning hours. 
On design days the ratio between 
maximum and average rate of usage 
is 1.75 and the ratio between maxi- 
mum and minimum rates of customer 
demand reaches 6.0. 
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Locations of Pumps and Storage Tanks in St. Louis County 


Points A, B, C, Y, and Z represent the Bennett Pump, Des Peres Pump, Sappington 
Tank, Sappington Road Pumps, and Sunset Tank, respectively. 
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Two other factors which merit men- 
tion because of their influence on de- 
sign are rapid growth and unstable 
zoning. Of these, problems resulting 
from changes in zoning are by far the 
more serious. Lack of zoning, piece- 
meal or fragmented planning, or 
changes in previously established land 
use patterns are serious impediments 
to economical water system design. 
Unanticipated incremental increases in 
water requirements often make neces- 
sary the installation of feeder mains 
through developed sections at greatly 
increased expense. Often water mains 
of adequate size to supply original re- 
quirements must be paralleled with 
another pipe to provide for the in- 
creased needs caused by changes in 
zoning. In such cases, more water 
tanks and pumping stations may be 
needed too. If the ultimate land use 
pattern had been known, proper ca- 
pacities could have been incorporated 
in the original design at much less 
cost. 


Design Criteria 


In the establishment of design cri- 
teria, physical features of the system, 
loading characteristics, rate of growth, 
and zoning, or the lack of it, all have 
some influence. The basic criterion 
of design is the provision of the most 
reliable service possible in thc most 
economical way. Gadgetry and the 
use of unnecessarily elaborate controls 
or circuitry have been discouraged. 
Innovations, if used, must measure up 
by being better and more economical 
than other methods ; otherwise they are 
not incorporated into the final design. 

Where reliability is not involved and 
where the economics of the situation 
cannot be determined, a long-term 
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design policy must often be established. 
In newly developing areas, where the 
pattern of land use may be subject to 
change, it is often prudent to install 
a small-diameter supply main initially. 
As the pattern of land use becomes 
known, and when the need for addi- 
tional service materializes, a reinforc- 
ing main of proper size may be laid 
over an alternate route. Decisions 
like this relate more closely to policy 
than to design standards. 

Some of the policies and criteria of 
design relating to distribution system 
expansion and operation in this system 
are: 

1. The combined capacity of the 
treatment plants and associated pump- 
ing facilities is based upon maximum 
possible day requirements with suffi- 
cient margin of excess capacity to allow 
time for the design and construction of 
additions in advance of actual need. 
On design days, the load factor on 
these plants and the transmission 
mains to the first point of connection 
to the distribution system should be 
close to unity. 

2. The capacity of transmission 
pipelines lying between the pumping 
station and the first point of connection 
with the distribution system is based 
on average flow over a 24-hr period 
on maximum design days. 

3. Clear-water balancing storage in 
sufficient quantity to provide for vari- 
ations in hourly demands on design 
days should be located throughout the 
distribution system near points at 
which it is needed. By providing stor- 
age within the distribution system near 
the point of ultimate use, instead of 
clear-water storage at the main pump- 
ing stations, reliability can be increased 
and important savings can be effected 
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in capital investment and operating 
expense. 

4. Except in cases where the ele- 
vated storage, riding on the line, is 
necessary to meet local conditions, sur- 
face tanks for balancing storage should 
be considered. With this type of stor- 
age, system pressure gradients, by the 
use of properly designed equipment 
and controls, can be reduced below 
normal during the refill cycle and thus 
insure maximum utilization of supply 
mains at night, when customer demand 
is at a minimum. 


Discharge 


] Suction 


Fig. 2. Hydraulic Schematic Diagram of 
the Bennett and Des Peres 
Booster Pumps 


This design is essentially the same for 
both pumps. The components are: 1, 
submersible pump; 2, butterfly valve; 3, 
operating cylinder; 4, three-way solenoid 
valve; and 5, four-way valve. 


5. Booster pumping is economical 
aud may be used advantageously for 
transferring water from one pressure 
district to another, furnishing peak 
hour requirements by increasing flow 
rates in strategic mains, and increas- 
ing night rates in supply mains to fill 
balancing storage. 

6. Multiple supply pipes installed 
over alternate routes are preferable to 
a single supply pipe when the ultimate 
pattern of land development is un- 
known or the rate of growth makes it 
economical to delay final improvements 
to a later date, 
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7. Failure-safe features should be 
incorporated in all control designs. 

8. Valve closures which interrupt 
high flow velocities should be slow 
and subject to adjustment. Propor- 
tionate band closing on altitude valves 
installed in the supply pipes to storage 
tanks is preferable to any other 
method of control. 

The discussion that follows will deal 
with controls and instrumentation of 
two specific installations. Both are 
located in the southern part of the dis- 
tribution system. 

Points A, B, and C in Fig. 1 show 
the locations of two submersible boos- 
ter pumps and a large surface tank 
with an associated pumping station, all 
of which are interrelated in operation. 
The controls that cause these facilities 
to be complementary to each other are 
the first example considered. Also 
shown in Fig. 1 at Points Y and Z 
are two other facilities which will be 
the second example. In _ operation, 
these two are dependent upon each 
other. 

At Points A and B in Fig. 1, large 
booster pumps have been installed in 
each 20-in. pipeline. Each pump, a 
submersible turbine unit driven by a 
200-hp electric motor, is mounted in 
a vertical steel barrel which is installed 
in bypass piping around a 16-in., hy- 
draulically actuated, but electrically 
piloted, butterfly valve in the 20-in. 
supply line. The motor pump unit 
operates submerged in the flooded steel 
Entry of water into the motor, 
which in oil in a_ watertight 
housing, is prevented by an ingenious 
mercury seal on the motor shaft. The 
pumping unit has a rated capacity of 
6,000 gpm at a 105-ft head. The head 


barrel. 
runs 


capacity is such that the pump may 
be operated through a wide range at 
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little sacrifice in efficiency and with no 
danger of overloading the motor. 

Without pumping, the two 20-in. 
supply pipes have a combined capacity 
of 10-12 mgd on a load day. This is 
increased to almost 19 mgd when the 
pumps are in operation. 

The facilities at Point C, Fig. 1, are 
known as the Sappington Road Tank 
and Pumps. There is a 2.5-mil gal, 
all welded-steel surface tank, 92 ft in 
diameter and 50 ft high. Fill and draw 
to and from the tank is through a sin- 
gle 20-in. pipeline on which a 10-in. 
multiple-purpose butterfly control valve 
has been installed. 

Four identical, close-coupled pump- 
ing units, each having a capacity of 
2,500 gpm at 91-ft head, take suction 
from the tank and pump around the 
control valve into the system. With 
all pumps running, water may be 
withdrawn from the storage tank at 
the rate of 10,000 gpm, or 14.4 mgd. 

An antivortex device, constructed 
over the entry of the supply pipe into 
the bottom of the tank, allows the 
withdrawal of all but the bottom 6 in. 
of water. 


Submersible Pumps 


The purpose of the submersible 
pumps is to maintain adequate supply 
to the Sappington Tank area during 
off-peak day hours, and to replenish 
storage during the night. 

The control functions required for 
this installation are: [1] to maintain 
a pressure ahove minimum require- 
ments at the Sappington Tank location 
during the day from 6:30 am to 5 pm; 
[2] to refill the tank during the period 
from 10 pm to 6:30 am, with tank 
water-level control of the pumps to 
avoid water hammer; [3] to be off 
during peak hours from 5 to 10 pm 
when the Sappington Pumps supply 
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the load; [4] remote control of the 
submersible pumps from the Sapping- 
ton Tank; [5] time-delay starting of 
the second submersible pump; and [6] 
high-pressure override located at the 
submersible pump sites in case other 
controls malfunction. 

A schematic diagram of the hy- 
draulic control is shown in Fig. 2. 
The submersible pump is installed in 
a bypass around the butterfly valve. 
As shown, the pump is not running, 
the butterfly valve is open, and the 
solenoid pilot valve is deenergized. 
When the control calls for the pump 
to run, an interlock on the pump motor 
starter closes the circuit to the solenoid 
pilot valve. With the solenoid ener- 
gized, sensing water pressure is on 
the diaphragm of the four-way valve, 
and the four-way valve shifts. Water 
then flows to the opposite end of the 
cylinder operator, and the butterfly 
valve closes. 

Figure 3 is a schematic diagram of 
the electrical control for the submersi- 
ble pumps. The control circuit to the 
right is at the Sappington Tank, where 
normal control of the submersible 
pumps occurs. The control signal 
passes over a leased signal channel to 
the control circuit at the Bennett Ave- 
nue Pump on the left. The control 
circuit at the Des Peres Pump is a 
duplicate of the Bennett control circuit. 
During the day, from 6:30 am to 5 
pM, time switch T-2 is closed, and 
pressure switches P-2 and P-4 control 
the pump operation. If the system 
load is such that P-2 and P-4 close the 
circuit, the Bennett Pump starts ; then, 
efter the time-delay relay (TD) is 
satisfied, the Des Peres Pump starts. 
The pumps will stop if either the pres- 
sure or time switch opens. From 5 to 


10 pm both time switches are open 
and the pumps cannot run, 


From 10 


4 
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to 6:30 pM, time switch T-1 is closed 
and pressure switches P-1 and P-3, 
sensed from the tank pressure or level, 
control the pumps; and if water level 
has been lowered, P-1 and P-3 are 
closed, and the pumps start when time 
switch T-1 closes. The pumps do not 
start simultaneously, however, because 
of time-delay relay (TD). When the 
tank is almost full, P-3, and then P-1, 
open to stop the submersible pumps. 
With the pumps off, the system gra- 
dient is high enough to fill the tank, 
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Figure 4 is a view of the Des Peres 
Pump site which shows the top sur- 
face of the vault that houses the hy- 
draulic equipment and the electrical 
equipment mounted on a service pole. 
Figure 5 shows the interior of the con- 
trol cabinet. 

The effectiveness of the installation 
is illustrated in Fig. 6, which shows 
pressure charts from the Sappington 
Tank and one submersible pump loca- 
tion for the same period of time. At 
11:40 am the pressure at the Sapping- 


although at a reduced rate. Two ton Tank dropped to 28 psi, and the 
115 v, 60 ~ = —115v, 60 ~ 
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At Sappington Tank 
Fig. 3. Control Schematic Diagram for Bennett and Des Peres Pumps 
The Bennett control circuit is shown; the Des Peres circuit is identical. Key: T1 
and T2—time switches; P1, P2, P3, P4, and P5—pressure switches; R1, R2, R3, and 


R4 relays; TD—time delay relay; SR—selenium rectifier; M—wmotor starter coil; 
S—solenoid valve (butterfly valve control) ; E—motor electrode. 


safety controls are in each of the cir- Bennett Avenue Pump started. The 


cuits at the pump location. One is a pump ran until 5 pm, when it was 
pressure control, which opens if the stopped by the time control. From 
pressure exceeds normal operating 5 to 10 pm the pump was off, and 


water was supplied at a rate of 7.6 
mgd to the system from the Sapping- 
ton Tank. Because water was used 
from the Sappington Tank, the pres- 
sure control, sensed from the tank 
water level, was closed and the sub- 
mersible pump started when the time 
switch closed at 10 pm. It then ran 
until 5:30 am when the water level 


pressure at the submersible pump site. 
The other is a relay controlled by an 
electrode in the submersible motor 
casing. If the motor should leak oil 
and if water should rise in the casing, 
the relay would open when water 
reached the electrode and the motor 
would not start, or would shut down 
if operating. 
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Fig. 4. Des Peres Pump Site 


The hydraulic equipment is housed in the 

vault, the top of which is visible in the 

picture. The electrical equipment is 
mounted on the service pole. 

the control 


in the’ tank 


circuit. 
Sappington Tank 


The purpose of the Sappington stor- 
age tank and pumps is to supply water 
to the surrounding area during peak 
hours and to utilize the off-peak capac- 
ity of supply mains for refilling the 
tank. 

The controls can be divided into two 
categories: pump controls and tank 
valve controls. 

The functions of the pump controls 
are to maintain adequate pressure in 
the surrounding area during the load 
period, but particularly between the 
peak hours of 5 and 10 pm, and to 
provide low water-level cutoff. 

The functions of the tank valve con- 
trols are to cause the butterfly valve 
to [1] allow the tank to fill during the 
night period, [2] maintain a set mini- 
mum pressure, or above, on the distri- 
bution system during fill period, [3] 
act as an altitude valve by closing when 


opened 
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the water elevation reaches a predeter- 
mined level (the closing is timed to 
prevent surges or water hammer in 
the system), [4] act as a check valve 
when the pumps are operating, [5] 
close in case of electric-power failure 
or sensing-pressure failure (fail-safe 
function), and [6] close in proportion 
to the increase in water level during 
the last 5 ft, or other designated height, 
of fill. 

Originally, the sixth function above 
was not included in the valve specifica- 
tions because it was not necessary for 
correct operation of the installation. 
When the Sappington Tank was first 
installed, the entire distribution system 
was supplied by one plant, now called 
the Central Plant. There were then 
three elevated tanks more remote from 
the plant than the Sappington ground 
storage tank, and system gradients 
were such that the Sappington Tank 
would fill first. This eliminated the 
possibility of a surge on the system. 
With the growth of the county, the 
South County Plant was built. The 


Fig. 5. Control Equipment at the 
Des Peres Pump Site 


This is an interior view of the box 
mounted on the pole shown in Fig. 4. 
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These charts demonstrate the effectiveness of the control installation. Left, Sapping- 
ton Tank; right, Bennett Pump. 
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Fig. 7. Schematic Diagram of Controls for Sappington Tank and Booster Station 


The controls for one pump are in solid lines. The controls for a second pump are 

in dashed lines. Other pump controls would parallel those for the second pump. 

Key: T1 and T2—time switches; P1, P2, P3, and P4—pressure switches ; M1—motor 

starter coil; R1 and R2—interposing relays; S—solenoid valve (butterfly valve con- 
trol) ; and F—vent fan. 
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Sappington Tank is within the area 
served by the new South County 
Plant. During the fill period more 
than 75 per cent of the South County 
Plant output may be flowing into the 
tank. Under this condition a surge 
may occur when the supply valve ab- 
ruptly closes. For this reason, closing 
of the valve in proportion to the in- 
crease in water level during the last 
designated number of feet was added 
as a control function, and made part 
of the installation when the South 
County Plant was built. 

The schematic control diagram is 
shown in Fig. 7. The time control, 
T-1, and presure control, P-1, are in 
series, and are connected to the coil of 
the pump motor starter, M-1, when the 
selector switch is in “AUTO” position. 
When the pump operates, an interlock 
on the motor starter energizes relay 
R-1, which opens the circuit to the 
solenoid valve controlling the tank sup- 
ply valve and the supply valve will 
remain closed while the pump is oper- 
ating. Another interlock on the motor 
starter energizes the vent fan circuit 
to keep the ambient temperature of the 
booster station at a safe value. Pres- 
sure control P-4, sensed from the tank 
water pressure, is normally open, but 
it will close if the tank water level gets 
too low. When P-4 closes, relay R-2 
opens the circuit to all the pump motor 
starters, stopping the pumps. Pres- 
sure control P-4 resets when the tank 
refills. Time switch T-2 and pressure 
switches P-2, P-3 control the tank 
supply valve. T-2 is set to be closed 
for the fill period from 10 pm to 6:30 
AM. Pressure switch P-2 opens the 
valve control circuit when the tank is 
full and tank supply valve closes. 
Pressure switch P-3 is a safety in case 
switch P-2 does not function. The 
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second pressure switch is considered 
essential, since an overflowing storage 
tank in a residential area cannot be 
tolerated. 

Figure 8 is a schematic diagram for 
the butterfly valve control as originally 
installed, and it fulfills the first five 
functions given above, but not the 
sixth. The control is both electric and 
hydraulic. As shown, the time switch, 
pressure switch, and relay are closed, 
and the tank is filling. The three-way 
solenoid valve is energized and sensing 
pressure is on the bellows of the con- 
troller. If the system pressure is 
higher than the predetermined set 
minimum pressure of the controller, 
the butterfly valve opens to a position 
where the system pressure equals the 
set point. Thereafter, the sensing 
pressure modulates the controller four- 
way valve to hold the system pressure 
at the set minimum. When the tank 
is full, the pressure switch, sensed from 
the tank side of the butterfly valve, 
opens, and the solenoid valve is de- 
energized ; the sensing pressure to the 
controller bellows is stopped, and the 
bellows is relieved to zero pressure. 
The four-way valve shifts so that 
water flowing to the hydraulic operator 
closes the butterfly valve. When a 
pump starts, a relay in the solenoid 
valve circuit opens and the butterfly 
valve cannot open, thus acting as a 
check valve. On power failure, the 
solenoid is deenergized and the butter- 
fly valve closes. 

Figure 9 is a schematic diagram of 
the butterfly valve control, as now in- 
stalled, with the valve closing in pro- 
portion to increase in tank water level 
during the last 5 ft of fill, The con- 
trol is electric, hydraulic, and pneu- 
matic. The original hydraulic equip- 
ment was modified by changing the 
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sensing bellows from a 30—70-psi water 
unit to a 0-20-psi air unit, because the 
pneumatic control is based on a 3-15- 
psi air signal. Also two pneumatic 
controllers and an air relay were 
added. As shown, the time switch, 
pressure switch, and relay are closed, 
and the tank is filling. The three-way 
solenoid valve and the air supply 
solenoid are energized. If the water 
level is below the last 5 ft of tank fill, 
controller 4100-UR has not started to 
function, and a 15-psi air signal is 
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to the set minimum pressure. With 
an increase in system-sensing pressure, 
the air signal is increased and the but- 
terfly valve moves toward open. A 
decrease in sensing pressure decreases 
the air signal and the butterfly valve 
moves toward close. When the tank 
is 5 feet from full, the 4100-UR con- 
troller starts to function. As the water 
level rises, the air signal output from 
4100-UR controller decreases. Tlie 
air signal from this controller goes to 
the diaphragm of the air relay. If the 
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Fig. 8. Original Butterfly Valve Control 


This control does not close proportionately to the increase in water level height, and 


thus permits a surge when the valve abruptly closes. 


Later installations provided for 


this possibility. 


passed to the upper diaphragm of the 
air relay. This keeps the valve of 
the air relay seated, and the air signal 
from the 4100-U controller is trans- 
mitted to the bellows of the modulating 
controller. If the system pressure is 
higher than the set minimum pressure, 
the air signal passes to the bellows 
of the modulating controller, and the 
butterfly valve opens to a position 
where the system-sensing pressure to 
the controller 4100-U actuates the 
mechanism to give an air signal equal 


output signal from controller 4100-UR 
is greater than the signal from con- 
troller 4100-U, the signal to the con- 
troller is equal to the 4100-U air sig- 
nal. If the signal from controller 
4100-UR is less than the signal from 
controller 4100-U, the air relay valve 
opens to bleed air so that the air signal 
to the modulating controller is equal 
to the signal from controller 4100-UR. 
Since the air signal from controller 
4100-UR decreases in proportion to 
the increase in tank water level during 
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the last 5 ft of fill, the butterfly valve 
will close in proportion to the increase 
in tank water level, if the system- 
sensing pressure remains above the 
set minimum pressure. 

The three-way solenoid valve is de- 
energized when the tank is full, if 
there is a power failure, or if the 
pump operates. This condition stops 
the air signal to the modulating con- 
troller and vents the bellows to the 
atmosphere, thus causing the butterfly 
valve to close. 
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the butterfly valve was wide open. 
Consumer usage was high during the 
first hour of fill because there was neg- 
ligible flow into the tank. The maxi- 
mum rate of fill was 7.5 mgd, which 
is the design figure for the control 
valve. At approximately 5:40 am the 
butterfly valve closed, which caused 
system pressure to rise to 38.5 psi. 
Under other load conditions, or if the 
South County Plant had been in opera- 
tion, this pressure rise or surge could 
have been 20 psi or more. 
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Fig. 9. Present Butterfly Valve Installation 


This is an improvement over the controls shown in Fig. 8. Provision for propor- 
tionate closing is made. 


Operations with and without pro- 
portionate closing of the butterfly 
valve are shown in Fig. 10. The chart 
on the left is without proportionate 
closing of the butterfly valve, and the 
one on the right is with proportionate 
closing. The chart on the left shows 
that the tank started filling at 10 pm 
with the butterfly valve control set to 
hold a minimum system pressure of 32 
psi. The system pressure held steady 
for 3 hr, then gradually increased 2 psi 
over the next 4 hr. This was because 


The chart for proportionate closing 
of the valve shows that the tank started 
filling at 9 pm with the butterfly valve 
control set to hold a minimum system 
pressure of 29 psi. There is some 
fluctuation in the system pressure; it 
is, however, fairly consistent through- 
out the fill period. At 4:15 am the 
proportionate valve-closing control be- 
gan to function. The gradual rise in 
system pressure eliminated the possi- 
bility of a surge and allowed time for 
the plant operator to reduce the rate 
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of pumpage, thereby preventing exces- 
sive system pressure. 


Sunset Tank and Sappington Pumps 

The Sunset Tank is located at Point 
Z in Fig. 1. This is a 250,000-gal ele- 
vated tank, 40 ft in diamter and 30 ft 
high, with the bottom of the tank 65 
ft above the foundation. Fill and draw 
to and from the tank takes place 
through a 12-in. pipeline that is 
equipped with an 8-in., automatic cone 
control valve. 
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[1] maintain pressure within preset 
limits at the Sunset Tank location, [2] 
sequence depending on the load, that 
is, with the tank water level, and [3] 
shut off pumps if controls malfunction 
(high-pressure override). The control 
functions, with the South County Plant 
operating, are to: [1] stop the pumps 
when the plant starts pumping, [2] 
open the butterfly valve in the 16-in. 
line to allow water to flow northward, 
and [3] start the pumps and close the 
butterfly valve if the South County 


Fig. 10. Comparison of Operation With and Without Proportionate Valve Closing 


The sharp rise in system pressure shown on the graph made without proportionate 


closing (left) could, under some load conditions, represent a serious surge. 


This has 


been eliminated in the system with proportionate closing (right). 


The facilities at Point Y in Fig. 1 
are known as the Sappington Road 
Pumps. Three identical close-coupled 
pumps, each with a capacity of 800 
gpm at 60-ft head, are installed in a 
bypass around a 16-in., hydraulically 
operated, electrically piloted butterfly 
valve in the 16-in. supply line, and 
pump water southward. 

The control functions of the Sap- 
pington Road Pumps, when the South 
County plant is not operating, are to 


Plant cannot maintain pressure at the 
Sunset Tank. 

The schematic centrol for this instal- 
lation is shown in Fig. 11. The con- 
trol circuit at the South County Plant 
is at the extreme right. To the left 
above is the control circuit at the Sun- 
set Tank. The remainder of the con- 
trol is at the Sappington Road booster. 
There is one leased signal channel from 
the South County Plant to the Sunset 
Tank, and two leased channels from 
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the Sunset Tank to the Sappington 
Road booster to carry the control 
signals. 

When the South County Piant is 
not operating, the switch at the plant 
is open, relays R-7 and R-4 are de- 
energized, and the Sappington Road 
Pumps are controlled by the water 
level in the Sunset Tank. When the 
water level in the tank drops, pressure 
switch P-2 closes. The signal is trans- 
mitted over one wire of a leased chan- 
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Fig. 11. 


The control circuit at the South County Plant is at the extreme right. 


INSTRUMENTATION AT ST. 


Sappington Road 
Booster 


LOUIS 97 


control circuit, and one pump stops. 
Continuing rise of the water level 
opens switch P-2, and the other pumps 
stop. If the remote controls do not 
stop the pumps and. the pump dis- 
charge pressure continues to rise, pres- 
sure switch P-4 at the pump site opens 
the control circuit to all three pumps. 
P-4 resets when the line pressure drops 
to a predetermined value. 

When the South County Plant is 
operating, the operator closes the con- 


Pressure 


South County 
Plant 


Schematic Diagram of Sappington Road Booster and Butterfly Valve Controls 


Directly to 


the left of this is the control circuit at the Sunset Tank; the remainder of the installa- 


tion ts at the Sappington Road Booster. 


Key: P1, P2, P3, and P4—pressure switches ; 


R1, R2, R3, R4, R5, R6, and R7—relays; M1, M2, and M3—motor starter coils; S— 
solenoid valve (butterfly valve control) ; and L—pilot lamp. 


nel, energizing relay R-2, and two 
pumps start. If the two pumps cannot 
maintain the water level in the Sunset 
Tank because of system load, the level 
drops, and switch P-1 closes. The 
circuit is closed over the leased chan- 
nel, energizing relay R-1, and the third 
Sappington Road Pump starts. As the 
system load decreases, the water level 
rises, pressure switch P-1 opens the 


trol switch, and relays R-7 and R-4 
are energized. The relays R-7 and 
R-4 are in series, so if relay R-7 closes 
(lighting the pilot light) the operator 
knows relay R-4 has picked up. Relay 
contacts R-4 close the circuit, energiz- 
ing interposing relay R-5. The nor- 
mally closed contacts R-5 open, making 
the Sappington Road Pumps inopera- 
tive. At the same time, the normally 
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open contacts R-5 close, energizing the 
solenoid pilot valves which cause the 
butterfly valve in the 16-in. main to 
open. 

If the system load is very heavy, or 
if the South County Plant operator 
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Fig. 12. 


On both graphs the solid curves repre- 
sent water supplied to consumers; the 
dashed curves represent input to the sys- 
tem plant and Stratman Reservoir. The 
vertical distance between the solid and 
dashed curves represents flow to and 
from tank storage—to, when the solid 
curve lies below the dashed, and from 
when the reverse is true. 


neglects to open the control switch and 
the water level falls in the Sunset Tank 
until it is down in the bowl, pressure 
switch P-3 closes. Relay R-3 closes 
energizing interposing relay R-6. The 
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normally open contacts R-6 close and 
the Sappington Road Pumps start. At 
the same time, the normally closed con- 
tacts R-6 open, deenergizing the sole- 
noid pilot valves and the butterfly valve 
closes. When the Sunset Tank level 
rises and is almost full, pressure switch 
P-3 opens. The cycle is repeated until 
the system returns to normal. 

Charts were made of the Sunset 
Tank and Sappington booster pumps 
when the South County Plant was not 
operating. The Sappington Road 
Pumps were running at 9:30 am when 
the charts were changed. The pumps 
maintained water level in the Sunset 
Tank until 5 pm, when the system load 
started increasing. At 7:35 pm the 
third Sappington Road Pump started. 
Its capacity was sufficient to meet the 
increased load and also put water into 
the Sunset Tank. At 9:55 pm the 
third pump stopped, and at 10:10 pm 
the other two pumps stopped. Sys- 
tem usage dropped the Sunset Tank 
water level, and two Sappington Road 
Pumps started at 11:35 pm to refill the 
tank. They stopped at 12:30 am and 
remained off until 7 Am. 

Charts were made with the South 
County Plant operating. The South 
County Plant was pumping when the 
chart was changed at 9:30 am. Suc- 
tion and discharge pressures read the 
same on the Sappington Road chart, 
since the butterfly valve at the Sap- 
pington pump site is open. At 10 pm 
the South County Plant shut down. 
When the control switch at the South 
County Plant was opened, the water 
level at the Sunset Tank was low 
enough for the Sappington Road 
Pumps to run. Also, the Sappington 
Road butterfly valve closed to cause 
the differential shown across the 
pumps. At 11:55 pm the water level 
in the Sunset Tank was high enough 
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to shut off the Sappington Road 
Pumps. The Sunset Tank water level 
dropped sufficiently to start the pumps 
at 7:45 am. The South County Plant 
started pumping at 8 am, however, and 
when the operator closed the control 
switch the Sappington Road Pumps 
stopped, and the butterfly valve in the 
16-in. main opened. 

Charts were made for a day when 
the system load was heavy and the 
South County Plant was operating. 
The South County Plant was pumping 
when the charts were changed at 9:15 
AM. The system load and electric- 
demand limitation on the South County 
Plant were such that the water level 
in the Sunset Tank dropped until 
pressure reached 30 psi at 2 pm. The 
low-pressure override switch at Sunset 
Tank closed, and relays at the Sap- 
pington Road Pumps operated to start 
the pumps and close the butterfly 
valve. Recovery of water in the Sun- 
set Tank was rapid, and at 3:30 pm 
the override switch at Sunset Tank 
opened, returning it to the previous 
control conditions. At 9 pm the South 
County Plant stopped pumping, and 
the operator returned the system to 
water level control at Sunset Tank. 
Either three or two Sappington Road 
Pumps ran from 9 pm to 5 Am, when 
the Sunset Tank water level was high 
enough to stop the pumps. 

The telephone company has three 
types of leased telephone channels for 
telemetering, remote control, or mis- 
cellaneous signaling purposes. These 
are signal, Teletype, and voice. They 
will reproduce signals in the 0-15 
cps, 0-60 cps, and 300-2,700 cps 
ranges, respectively. The signal chan- 
nel was considered satisfactory. 

For remote control of the equipment 
at the Sappington Road Pumps, three 
signal channels were leased from the 
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telephone company. A 60-cycle, 115-v, 
a-c current may be impressed on the 
circuit, provided that the signal level 
is below 60 decibels, and if there is no 
interference with telephone conversa- 
tions. The first telephone relays used 
were too sensitive, and when they were 
energized they would not drop out, be- 
cause of the capacity of the telephone 
circuit. This was overcome by shunt- 
ing a 2,500-ohm resistance across the 
relay coil. 

The Sunset Tank is at a high ele- 
vation and apparently is a good target 
for lightning. Originally the primary 
side of the isolation transformer sup- 
plying the leased signal channel cir- 
cuit was fused for 1 amp. The l-amp 
fuse blew quite frequently during 
electrical storms. The l-amp fuse was 
replaced with a 3-amp fuse as one 
step in correcting the trouble. Occa- 
sionally the carbon resistor protectors 
at the terminal of each signal circuit 
were shorted to ground by lightning. 
Circuit protectors were installed on 
the supply, just before the 3-amp fuse 
and at the service switch. Lightning 
outages have been materially reduced 
since these corrections were made. 

Figure 10 shows the effect of scat- 
tered system storage on two maximum 
days. In each figure, data on the op- 
eration of the 10-milgal Stratman 
Reservoir and its associated pumps 
have been included with the plant out- 
put because that station is manually 
operated. 

Figure 12a shows data for a day 
when customer usage equalled plant, 
transmission, and arterial main capaci- 
ties. On this particular day, the cus- 
tomers used 85 mil gal. It should be 
noted that water from elevated stor- 
age started to drain into the system 
before customer usage reached the 
24-hr average. Thereafter, water from 
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the elevated tanks plus pumpage from 
the surface tanks supplied most of the 
requirement above the 24-hr average. 
During the peak hour approximately 
25 per cent of the total customer usage 
was supplied from system storage 
tanks. 

The difference between customer 
usage and the input by the plant and 
Stratman during the off-peak night 
period is the amount of water, ex- 
pressed as a percentage of the 24-hr 
average, which refills the storage tank. 
In terms of flow in the arterial mains 
supplying these tanks, the difference 
represents a load factor of near unity. 

Mention should be made of the fact 
that elevated storage, which is gener- 
ally at an elevation above the minimum 
design gradient, is often depleted be- 
fore the maximum-load period unless 
isolated from the system by manual or 
automatic controls. It should also be 
noted that refilling of such storage 
reduces the effective capacity of the 
supply mains. 

In contrast, surface storage with 
pumping is not so _ handicapped. 


Through the use of proper controls, 
it can be used whenever most effective. 
And by depressing system gradients 
below the daytime normal during the 
off-peak night period, by means of the 
equipment and controls, previously de- 


F. E. DOLSON & H. A. QUADE 


Jour. AWWA 


scribed, the use factor of supply mains 
can be materially increased. 

Figure 12b shows the effect of stor- 
age on a maximum day when the sys- 
tem capacity is considerably in excess 
of customer requirements. On_ this 
particular day, the capacity of the sys- 
tem was 121 milgal and customer 
usage 82 milgal. Even under this 
condition, where customer demand 
could easily have been met by direct 
pumping at the main station, the use 
of storage was effective and economi- 
cal. By using water from storage dur- 
ing the peak hours, substantial saving 
in power cost was effected. 


Conclusion 


Although automation in its true 
sense will probably never be achieved 
in the distribution of water, principally 
because of the low value placed upon 
the commodity being transported and 
the comparatively little manual attend- 
ance required, progress in that direc- 
tion is feasible and desirable. 

Distribution system components, 
such as surface storage tanks and boos- 
ter pumps, may be made fully auto- 
matic on an individual basis by prop- 
erly designed controls, and important 
economies in transmission main invest- 
ment and operating expense can be 
effected through their use. 


Rapid, Radioactive Test for Coliform Organisms 
Gilbert V. Levin, V. R. Harrison, W. C. Hess, 


A. H. Heim, and V. L. Stauss 


A contribution to the Journal by Gilbert V. Levin, San. Engr., Re- 
sources Research, Inc., Washington, D.C.; V. R. Harrison, Research 
Asst., W. C. Hess, Asst. Dean of Research & Prof. of Biological 
Chemistry, A. H. Heim, Asst. Prof. of Biological Chemistry, and 
V. L. Stauss, Research Asst.; all of the School of Medicine, George- 


town Univ., Washington, D.C. 


S previously reported (7, 2) the 

use of radioisotopes for the detec- 
tion of coliform organisms has been 
directed principally toward the devel- 
opment of a rapid presumptive test. 
Recent reports (3, 4) mentioned the 
possibility of achieving a direct, con- 
firmed test by the radioactive method. 
During the past year, efforts have been 
concentrated to this end. This is a 
report on the status of the work. 


Medium 


The logical confirmatory medium 
was brilliant-green lactose bile broth 
utilizing the 1-C** lactose used in the 
presumptive-test experiments. This 
labeled compound became unavailable, 
however, making it necessary to inves- 
tigate the use of some other, preferably 
cheaper, labeled material. The use of 
formate was investigated because it has 
been used in a Standard Methods (5) 
coliform confirmatory medium (for- 
mate ricinoleate broth) and C* for- 
mate is readily available at low cost. 
Radioactive sodium formate, in vari- 
ous concentrations, was incorporated 
into specimens of standard _brilliant- 
green lactose bile broth (BGB), which 
were inoculated with known concentra- 


tions of coliform organisms. As a re- 
sult, a sodium formate concentration of 
0.01 per cent was selected for use. 
Higher concentrations than this were 
found to be toxic to the organisms, 
whereas concentrations below this ren- 
dered the detection of evolved CO, 
more difficult. Another change in 
method was the use of 2-oz ointment 
jars (Fig. 1) for incubation vessels 
rather than the combination aerating, 
culturing, and gas-trapping device pre- 
viously used. 


Procedure 


The details of the test procedure 
being used are as follows. The BGB 
containing 0.01 per cent C* formate 
is mechanically shaken for several 
hours prior to use. Shaking has been 
found to reduce nonmetabolic CO, 
to a reasonably consistent level. The 
shaken medium is apportioned into 
paraffin-coated planchets. Membrane 
filters, on which the bacterial content 
of the water sample has been concen- 
trated, are placed in the planchets. 
The planchets are then put in indi- 
vidual ointment jars, the lids are 
screwed on, and the jars are incubated 
at 37°C for 3 hr. At that time, a 
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planchet containing several drops of a 
saturated barium hydroxide solution 
is added to each jar, and incubation 
is continued for an additional hour. 
During this time, the CO, evolved 
from the culture planchet is carried 
by diffusion to the barium hydroxide 
planchet, where it is precipitated as 
the carbonate. 

This method has been found ex- 


tremely efficient in collecting the C**O., 


Fig. 1. 
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Ointment Jars With Barium Hydroxide and Culture Planchets 
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In order to consider this method 
for use as a direct, confirmed test, it 
must first be established that the me- 
dium containing formate compared 
favorably with the standard confirma- 
tory medium. Accordingly, a lengthy 
series of tests has been undertaken to 
compare the two media. A routine 
has been instituted whereby raw water 
from the Potomac River and samples 
from various points in the District of 


Planchets containing cultures are incubated for 3 hr; barium hydroxide planchets are 


then added to jars and incubation continues for 1 hr. 


Evolved C™“O: then diffuses to 


barium hydroxide planchets and is precipitated as carbonate. 


and it makes the operation very simple. 
At the end of the collection hour, the 
barium hydroxide planchet is removed, 
dried over a heat lamp, and counted in 
an internal-flow Geiger counter. For 
purposes of comparison, bacterial cell 
numbers are determined by colony 
counts from triplicate nutrient agar 
plates when pure strains are run, and 
by the standard presumptive and con- 
firmed coliform tests when unknown 
samples are run. 


Columbia treatment plants are taken 
daily. These samples are run by the 
Standard Methods presumptive test 
for coliform organisms. All portions 
are subsequently inoculate into BGB 
confirmatory medium and, simultane- 
ously, into BGB to which 0.01 per cent 
nonradioactive sodium formate has 
been added. Both sets of tubes are 
read in coniormance with Standard 
Methods. To date, 1,158 pairs of 
tubes have been compared. There was 
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agreement between 1,155 pairs. These 
data will continue to be collected until 
the acceptability of the formate me- 
dium has been thoroughly investigated. 

Proof that the formate medium is 
satisfactory for use in a standard, con- 
firmed test does not mean that non- 
coliform organisms will not interfere 
in a shorter, radioactive test with that 
medium. Some of the noncoliform 
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Evolved Radioactivity*—cpm 
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compared for consistency. The data 
will also be analyzed in an attempt to 
relate levels of evolved radioactivity 
with numbers of cells. Table 1 is a 
summary of quantitative information 
obtained from pure cultures (chilled 
to induce lag) of Esch. coli in the 
BGB C* formate medium. The data 
represent triplicate determinations at 
each cell population in each test. Ap- 


100-200 
Cells 


50-100 
Cells 


27 


12 


A vg 


deviation +4 +7 +21 


* Average of three replicates without sterile controls. 
t Blanks indicate no data available. 


groups may live long enough to pro- 
duce detectable gas in the radioactive 
test, but not long enough to produce a 
visible gas bubble in the standard test. 
This problem is being investigated. 
Concurrently with these tests on 
river and filtration plant water, ali- 
quots of the same samples are being 
run by the direct, confirmed, radio- 
active method. As these data are ac- 
cumulated they will be reviewed and 


200-400 | 400-800 
Cells Cells Cells Cells 


2,400 


2,119 


5,450 


880 | 


+839 


+340 | +841 
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proximate cell counts were determined 
by triplicate plate counts. The activi- 
ties have been presented for ranges 
of cell counts and the averages and 
standard deviations are given. The 
data show a reasonable degree of cor- 
relation between evolved C™“O, and 
numbers of cells. 

Initial work on the river water and 
filtration plant samples indicates that 
several organisms do interfere. When 


2 Correlation Between Esch. coli Population and Evolved Radioactivity 

1-25 25-50 | 
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isolated, they do not produce visible 
gas in the standard method, but do 
produce radioactive gas in the isotope 
method. The seriousness of the inter- 
ference and the possibilities of prevent- 
ing it are still unknown, as the work is 
in an early stage. 

As a double check, organisms are 
being routinely isolated from Potomac 
River water taken from a sewage pol- 
luted zone and run by the radioactive 
confirmed test to determine the behav- 
ior of the normal range and popula- 
tions of noncoliform groups as com- 
pared to the coliforms groups. Pure 
strains of organisms found in water 
have been obtained from the American 
Type Culture Collection and are being 
tested in a similar manner. This work 
is also in its initial phase. Of some 20 
different organisms tested, only two 
have demonstrated interference. One 
is Pseudomonas aeruginosa and the 
other, isolated from river water, has 
not yet been identified. 
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It is planned to attempt to reduce 
or closely define the interference from 
noncoliform organisms and to continue 
the routine collection of the types of 
data cited above. When this has been 
accomplished the data will be sub- 
mitted for consideration of the method 
as a standard one. 
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Design and Operation of the Holland 
Filtration Plant 


Joint Discussion 


A joint discussion presented on Sep. 9, 1958, at the Michigan Section 


Meeting, Grand Rapids, Mich. 


Design Features—lhomas B. Robinson 


A paper presented by Thomas B. Robinson, Principal Engr., Black & 
Veatch, Cons. Engrs., Kansas Ciiy, Mo. 


HE decision of the Board of Public 

Works, Holland, Mich., to pro- 
ceed with a Lake Michigan supply 
project was made only after exhaus- 
tive investigations of underground 
water supply potential had been com- 
pleted. These investigations indicated 
a rapidly receding water table in the 
area of the existing well field and un- 
covered no abundant supply in any 
other area. The quality of the well 
water was poor, being quite hard, high 
in iron, and at times objectionable in 
taste and odor owing to a_ sulfur 
content. 

The city of Holland lies approxi- 
mately 5 mi from Lake Michigan, just 
south of and at the inland end of Lake 
Macatawa. Originally construction of 
the new facilities south of Lake Ma- 
catawa was contemplated in order that 
the transmission line might serve a 
fairly large residential development 
along the southern lakeshore. This 
location also would have made a trans- 
mission line across the Black River 
unnecessary. Investigations revealed, 
however, that because of the high sand 
dunes along the shores of Lake Michi- 


gan south of the entrance to Lake 
Macatawa it would be extremely diffi- 
cult to get a transmission line through 
to the lake, and that there was no suit- 
able lakeshore site for a pumping sta- 


tion. For these reasons, the facilities 
were constructed north of Lake 
Macatawa. 


The decision to proceed with the 
$3,000,000 improvement program was 
made in 1954, the last contracts were 
let in 1955, and the plant was in opera- 
tion in early 1957. Actually water was 
put through the plant before its com- 
pletion when the city’s principal well 
failed and use of the new facilities was 
necessary. 


Intake Line 


The improvement project included a 
lake intake drum and intake line, a low- 
service pumping station, a treatment 
plant, treated-water storage, a high- 
service pumping station, a transmission 
line to the city, and distribution system 
additions. The city had a 500,000-gal 
elevated tank and a distribution system 
which were quite adequate for opera- 
tion from the well field. Because the 
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new Lake Michigan supply transmis- 
sion line entered the city from a differ- 
ent direction, however, major addi- 
tions to the distribution system were 
required. 

The maximum usage prior to the 
time of design had been 6.8 mgd, but 
a large, already developed suburban 
area constituted a potential 25 per cent 
demand increase. With allowance for 
further growth and future industrial 
expansion, the new facilities were de- 
signed for a maximum demand of 14 
mgd. 

The 42-in. intake line extends ap- 
proximately 4,500 ft into the lake. At 
its outer end the intake is 45 ft below 
low lake level and consists of a steel 
drum with slotted openings at a mini- 
mum depth of 35 ft below the lake sur- 
face. The inlet velocity into the drum 
is 0.25 fps at the design capacity of 40 
mgd. The pipeline is of reinforced- 
concrete with rubber-gasketed steel 
joints. The inboard end of the line, 
where the water is 10 ft or less in 
depth, is covered with a rock blanket 
to protect it from erosion. 

One unusual feature of the intake 
line is that it is designed to act as a 
siphon when the flow in the line ex- 
ceeds 20 mgd in order to reduce the 
construction cost of the intake line. 
With this siphon, the inboard end of 
the intake was installed just below 
minimum lake level rather than below 
the hydraulic gradient and has a maxi- 
mum flow of 40 mgd. This was done 
to keep the intake line submerged at 
all times. The intake line remains at 
this elevation all the way to the low- 
service pumping station, where its end 
turns down more than 15 ft below the 
minimum lake level. The intake line 
is a gravity line for flows up to 20 
mgd, but siphon action is required for 
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larger flow rates. Provision was made 
at the high point on the line for fu- 
ture installation of vacuum priming 
equipment, 

Another unusual feature is at the 
point where the intake line enters the 
low-service pump station. The line 
terminates in a manhole equipped with 
a stop plate so that the intake can be 
shut off from the station without a 
valve. Repairs to a valve on the inlet 
line would be next to impossible with- 
out this arrangement. Because the de- 
sign involves siphon action and the 
manhole is actually the high point on 
the line, the access hatch to the man- 
hole is gasketed and made airtight, and 
a tap is provided in the hatch cover for 
a future vacuum priming connection. 

The low-service pumping station 
was designed in two separate cells, 
either of which can be taken out of 
service without disrupting the opera- 
tion of the other. Each cell was 
equipped with its own basket screen, 
which can be raised for maintenance 
and cleaning by permanently installed 
winches. Three 5-mgd, vertical tur- 
bine, electric-motor—driven pumps were 
installed initially. In addition, a 10- 
mgd, gasoline-engine—driven, vertical- 
turbine pump was installed for emer- 
gency standby service. The station 
provides enough space for five 10-mgd 
pumping units. 

The discharge from each pump was 
connected to a butterfly valve operated 
by solenoid and time-delay circuits in 
such a way that it serves both as a 
check valve and as a surge control de- 
vice. The motor-driven pumps are all 
operated by remote control from the 
treatment plant. The pump discharge 
header was looped through the station 
to feed dual 30-in. lines to the treat- 
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ment plant. Only one of the lines was 
constructed in the initial program, but 
the other line will be added when 
plant capacity is increased. 

A platform is provided in each wet 
well of the station just above the high 
water level so that a construction pump 
can be used to drain the wells. There 
is a piping connection from the wet 
well to the plant drain line for dis- 
charge from the drainage pump. 

The station has a traveling crane for 
handling pumps, motors, and piping. 
Also, openings are provided in inter- 
vening floor slabs to permit use of the 
traveling crane in handling the stop 
plate. 


Plant Design 


The treatment plant is of quite 
conventional design in most respects, 
but it differs from many plants in that 
transfer pumping and above-ground 
storage are provided and in some other 
details which will be described later. 
The layout of the plant is shown in 
Fig. 1. 

Water enters the plant through a 
flume, which serves a dual purpose as 
a metering element and a device for 
providing rapid mix for the chemicals. 
A parallel flume, constructed but in- 
operative at present, will be used when 
the future 30-in. discharge line from 
the low-service pump station is in- 
stalled. At present only alum is added 
to the water before it enters the flume, 
but provision was made for the future 
addition of carbon, lime, and fluorides, 
if and as they are needed. The city is 
planning to add carbon-feeding facili- 
ties in the near future because of some 
taste and odor difficulties experienced 
during the past summer. Provision 
was made for pre- and postchlorina- 


HOLLAND FILTRATION PLANT—DESIGN 


107 


tion, and chlorine for prechlorination 
is introduced immediately after the 
water leaves the flume. 

The chemically treated water flows 
through a 36-in. line to a distribution 
well at the far end of the mixing and 
settling basins, where it is split into 
two portions. Half of it flows to each 
of the two basins. The basins are 
equipped for two passes of flocculation 
and with a baffle, open at the bottom 
only, separating the mixing from the 
settling portion of the basins. The 
basins are covered and insulated with 
2 ft of earth. They are not equipped 
with sludge removal equipment, but 
the floors are pitched to drainage 
flumes and outlets for ease in cleaning. 
Multiple weirs and flumes are installed 
to hold overflow rates to a minimum. 
The flocculator drives are located in a 
dry well between the two basins. At 
design flow of 7 mgd in each basin, the 
total detention time is 4 hr; the basin 
overflow rate is 11,800 gpd/sq ft; the 
weir overflow rate is 17,700 gpd/ft of 
length. 

Four rapid sand filters of 3.5-mgd 
capacity each were laid out with a 
center pipe gallery and two filters on 
either side in such a way that the 
filter bed may be expanded almost in- 
definitely. The filters were designed 
for a filtering rate of 3 gpm/sq ft, but 
hydraulically are capable of operating 
at a 50-per cent overload. The entire 
filter operation is pneumatically con- 
trolled, the actual controls operating 
at a 3-15-psi pressure; 80 psi is used 
for valve operation. Palmer sweeps 
were used for surface wash. Filter 
wash water is provided from a 1.5-mil 
gal steel storage tank, which also 
serves as the plant’s filtered-water 
reservoir. 
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Transfer pumps of the vertical- 
turbine type take suction from a header 
which connects the two small clear 
wells, one under each bank of filters. 
The initial installation consisted of 
three 5-mgd units, but space was pro- 
vided for a total of four 10-mgd pumps. 
The transfer pumps operate automati- 
cally from the level in the clear well. 
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on fill, and the very limited clear wells 
under the filters were just above the 
water table level when the lake was 
at maximum elevation. There are ad- 
ditional advantages to transfer pump- 
ing, however. The high-service pumps 
have positive suction head at ground 
level and do not need to be placed in 
a pit, where they would be subject to 


As the clear well level rises, additional flooding. No separate wash water 
pumps come on at predetermined tank or wash water pump is required, 
elevations. as the steel filtered-water reservoir pro- 
1,100 ft >| 
| 42-in. Line 
30-in. Raw-Water Line Parshall 
Intake Crib —_—— — Flume 
36-in. Wash Water Line Nae | | 
Filter and Chemical} | | Filters 
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— Filters 
1,500,000-gal 
To Holland 


Fig. 1. 


Reservoir 


Schematic Plan and Flow Diagram of Holland Treatment Plant 


The water intake and filtration plant are located approximately 6 mi northwest of 


downtown Holland. 


The plant is maintained by only seven employees, most of the 


operations being controlled from the control panel on the operating floor of the filter 
and chemical building. 


The transfer pumps discharge into 
a header connected to the 1.5-mil gal 
steel storage tank. This header serves 
a triple function as transfer pump dis- 
charge header, high-service pump suc- 
tion header, and wash water header. 

Transfer pumping is used primarily 
because of the need to keep the clear 
well above the ground water table, both 
to meet state board of health require- 
ments and also to reduce the cost of 
dewatering. As designed, the settling 
basins were placed at as high an eleva- 
tion as possible without putting them 


vides plenty of water at proper head 
for washing the filters. 

The high-service pumps, which take 
suction from the three-function header, 
discharge into a header connected to 
the 36-in. transmission line to Hol- 
land. The water leaving the plant is 
metered by means of a venturi meter 
located on the plant ground. Three 
horizontal, electric-motor—driven cen- 
trifugal pumps of 3-, 5-, and 7-mgd 
capacity, and one _ gasoline-engine— 
driven pump of 10-mgd capacity were 
installed. The engine-driven unit is 
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designed to pump either from the steel 
tank or directly from the clear well, 
and may therefore serve as a standby 
for both the transfer and high-service 
pumps. The station is laid out to 
accommodate four 10-mgd_ electric- 
motor-driven units in addition to the 
present engine-driven pump. 

As is usual with long transmission 
lines, it was difficult to obtain pumps 
with characteristics suitable for opera- 
tion at low capacity and friction head 
that would also be suitable for opera- 
tion at higher capacities, in parallel 
with other units and at much higher 
friction heads. The problem could 
have been solved by installing a 
variable-speed unit, but cost analyses 
indicated it would be more economical 
to provide an extra rotating element, 
designed to operate at higher head 
conditions, for each of the two smaller 
high-service pumps. The lower head 
units can be used in the winter under 
low-demand conditions and the higher 
head units can be installed, if desired, 
for summer, high-demand use if it is 
necessary to use these smaller pumps 
in parallel with the larger pumps. 
When the extra rotating elements are 
installed in these units, the firm capac- 
ity of the high-service pumping station 
will be increased. 

The pump room that houses the 
transfer and high-service pumps is at 
ground level. All piping serving these 
pumps is at basement level below the 
operating floor. An overhead travel- 
ing crane is provided to serve the en- 
tire pump room area, and access to the 
piping below the floor can be obtained 
through removal of the precast, con- 
crete slab flooring. 

As the plant is served by a single 
source of electric power over a single 
long transmission line, it was deemed 
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necessary to provide gasoline-engine— 
driven pumping units. Certain other 
functions of the plant require electric- 
ity, however, and therefore an auxil- 
iary generating unit was provided. A 
separate 120-v, d-c lighting system will 
turn on automatically in case of power 
failure. This permits the operator to 
get to the emergency generator unit 
from any place in the building safely 
and rapidly. After starting the auxil- 
iary unit, the operator can return to the 
control panel and manually switch the 
emergency a-c distribution panel from 
the normal a-c supply to the emergency 
supply from the auxiliary generator. 
All essential features, such as heating, 
chemical feeders, slow-mix drive equip- 
ment, and compressed-air supply, and 
approximately 50 per cent of the light- 
ing fixtures and outlets, including 
those in the laboratory, can be oper- 
ated from the emergency a-c distribu- 
tion panel. 

When a new generating plant being 
built a few miles north of the Holland 
water plant is completed, the plant may 
be able to get an additional source of 
power, and the emergency standby fea- 
tures will not be so vital. 

The transmission line to the city, 
approximately 6 mi in length, was con- 
structed of 36-in. prestressed concrete. 
The line includes relief valves and 
blow-off valves as required and has no 
unusual design features with the ex- 
ception of an aerial crossing of the 
Black River. The aerial crossing was 
decided upon when it was found that 
an unstable muck extended over 40 ft 
beneath the river bottom. The cross- 
ing consists of two 110-ft spans of 
36-in. steel pipe. These are supported 
on a central pier and two abutments 
built on 60-ft piling. 
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A paper presented by James Hornung, Supt., Water Supply, Water 


Treatment Plant, Holland, Mich. 


It is natural to expect many difficul- 
ties in a new filtration plant, and to 
worry about whether the designers 
have left all future operators with 
some unsolvable problem. Those at 
Holland can honestly say that the ini- 
tial operation of its new plant was 
about as free of problems as possible. 
In fact, the only real changes that were 
made in the original plans were addi- 
tions that the designers considered un- 
necessary expenses but which were 
made to increase the plant’s efficiency. 
These will be referred to later. A 
good job by the resident engineer 
contributed greatly to the project’s 
smooth operation, for he had what is 
an important qualification for a good 
resident engineer—to be able to read 
the designers’ specifications. An in- 
teresting sidelight above the designers 
is that they have returned intermit- 
tently to see how the operation is pro- 
ceeding and ask for suggestions for 
improvement. To most operating per- 
sonnel, this has seemed a sound ap- 
proach to practical design problems. 


Personnel Training 


Because Holland had always had 
only a well supply there was no one 
with the proper qualifications available 
locally to operate the new filtration 
plant. The superintendent of utilities 
obtained from the Michigan Depart- 
ment of Health a list of men qualified 
to operate the plant and sent a job 
description to each of those on the list. 
The author was hired about 3 months 
before the anticipated date of comple- 
tion of the plant and was given com- 


plete charge of all phases of the opera- 
tion—from ordering equipment to 
hiring and training personnel. 

When other operating personnel 
were needed, no experienced help was 
available in Holland. Therefore, the 
only qualification that was required was 
high school graduation and completion 
of a course in chemistry. Operators 
were hired a month in advance of the 
anticipated date of completion of the 
plant. This turned out to be 2 months, 
however. During this time, the new 
personnel studied all the physical as- 
pects of the plant and were given 
a highly concentrated course in all 
phases of water treatment. When the 
plant was finally forced into operation 
without benefit of filtration, owing to 
failure of the old city wells, it was on 
an intermittent basis because the wells 
could handle the load at night. This 
proved convenient, however, as no 
operator had to start out working a 
shift alone. When the plant finally 
did go into full-time operation, each 
man had gained enough experience to 
give him confidence. 

Before being hired the operators 
were advised that they would be ex- 
pected to work for a state water li- 
cense, and all have more than fulfilled 
this expectation in studying for exami- 
nations. It was, and still is, the plant’s 
policy to teach each man as much as 
possible about his job and about the 
whole water supply field. 

It can be argued, quite justifiably, 
that such a training program may well 
produce operators who are qualified 
for higher-paying positions at other 
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plants, and that there is a risk of losing 
them. The benefits of good operation 
more than balance the possible loss of 
an operator at some future time. 
These men have been advised that they 
will get the utmost cooperation in their 
efforts to acquire a better license, even 
if they can improve their position as 
a result. Well designed equipment is 
of little value without a qualified 
operator. 

Operator training has consisted of: 

1. Daily lectures for a month 

2. Written examinations 

3. Short courses by the state health 
department 

4. Laboratory experiments 

5. Books and literature, which were 
always available 

6. Visits to other water plants 

7. Visit to the state health depart- 
ment laboratory 

8. Visits to sewage plants 

9. Discussions of plant problems and 
examinations based on them 

10. Participation in USPHS short 
filter run research 

11. Attendance at area meetings 
with other operators. 

Operating shifts rotate weekly, and 
the days off change with each cycle. 
Operators work alone on the afternoon 
and midnight shifts. This is where 
good training pays off. As the plant 
is somewhat isolated from the city 
proper, hourly checks are made by 
telephone or radio with the power 
plant in town. 


Operation Difficulties 


Naturally, all of the plant equipment 
was checked as soon as possible after 
installation and before it was accepted. 
A humorous incident occurred when 
the transmission line to town was 
tested at 125-psi pressure. A 6-in. in- 
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spection plate on a venturi meter, 
which was buried 4 ft underground, 
broke loose. This caused a 70-ft gey- 
ser that gradually lost pressure until it 
dumped a few yards of mud and gravel 
on three trucks that were parked 
nearby. 

One of the things that caused con- 
cern before operation began was the 
lack of a wash water rate meter, par- 
ticularly because the new operators had 
never been in a filter plant before. The 
elevated reservoir serves a secondary 
purpose as a wash water tank, and al- 
though it was not believed that a sand 
bed and filter bottom could be upset, 
there was no guarantee that this was 
true. Practice proved that it would be 
practically impossible to upset a filter. 
Wash water rates can be measured 
simply and accurately by using the 
drop in reservoir elevation and pump- 
ing rates, and a meter was therefore 
unnecessary. 

Another source of concern was that 
the chemical feed equipment was rated 
for an ultimate design capacity of 42 
mgd, whereas the initial output of the 
plant was less than a tenth of this rate. 
In practice, however, the feeders have 
operated very well at only 10-15 per 
cent of their capacity. 

One addition to the plant, which the 
designers had considered extravagant, 
was a sampling system for the labora- 
tory. This was installed at some extra 
expense, but was well worth the cost. 
Samples of raw, mixed, settled, fil- 
tered, and tap water discharge sepa- 
rately into a laboratory sink. This is 
just as practical as, and far less expen- 
sive than, a chrome and glass visual 
sampler. 

All of the filter control valves are 
air operated at 80 psi. It was found 
necessary to install an aftercooler for 
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the air compressor, as water was col- 
lecting in the valve controls. In spite 
of this collection of water, there was 
no malfunction of the equipment. The 
aftercooler was installed without cost 
to the plant by the manufacturers of 
the pneumatic equipment. Another 
difficulty in the air system was the 
leakage of crankcase oil past the com- 
pressor pistons. This has been reme- 
died by placing a line condensate trap 
next to the pressure regulator. The 
overall functioning of the pneumatic 
system and controls has been very 
satisfactory, however. 

Probably the biggest problem with 
which the plant has had to contend, 
and about which practically nothing 
can be done, is water condensation on 
both coated and uncoated pipe, floors, 
and metal equipment. Condensation 
on the pipe is to be expected, but when 
it occurs in the filter and on chemical 
feed room floors, it presents a constant 
cleaning problem. 


Operation Records and Methods 


Data in the first annual report indi- 
cate that the daily average pumpage 
of treated water to the mains was 3.0 
mgd. As the Holland plant is de- 
signed for 14 mgd, and the smallest 
low-lift pump capacity is 5 mgd, it is 
apparent that the plant operates only 
60 per cent of the time. The settling 
time is about five times the design cate. 
The prolonged settling time has not 
seemed to be as great an advantage as 
might have been expected. This is 
probably due to the low average tur- 
bidity of only 6 units. The Holland 
plant is well over volume demand at 
present, which is somewhat unique 
these days. 

Chemical cost per million gallons is 
$2.47, based upon an average chlorine 
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dose of 1.8 ppm and an alum dose of 
6.9 ppm. Most of the time only pre- 
chlorination is used. This method of 
feeding chlorine was initiated because 
of difficulties caused by low pumpage. 
Although the plant at first maintained 
a finished-water residual of 0.4-0.5 
ppm, there have been no complaints 
with residuals ranging up to 0.8 ppm. 
On the basis of these results, the mixed 
residual is now maintained at 1.0-1.3 
ppm and the finished water residual is 
0.6-0.8 ppm. 

To double check the chemical feed 
and observe the type of floc formed, 
a mixed sample is collected by each 
shift in the laboratory and stirred at 
constant speed. Even at constant alum 
feed, the characteristics of the floc vary 
from day to day. The average alum 
dose for the past year has produced 
an average loss of head of 26 mil gal 
per acre per foot at a rate of 129 mgd. 
An analysis of costs reveals that an 
alum dose increase of 4 ppm would 
have to double the filter runs in order 
to be economically feasible. 

There has been only one 7-day pe- 
riod during which odor has been a 
problem. The raw water had a strong, 
very definitely fishy odor after chlo- 
rination. Doubling the prechlorination 
dose did not alleviate the difficulty, and 
laboratory experiments showed that 6 
ppm would be required. Without de- 
chlorinating equipment, this procedure 
was not feasible. There was carbon on 
hand to remove the odor and this was 
fed to the rapid-mix flume with some 
emergency equipment. Carbon is al- 
ways kept on hand in slurry form for 
such emergencies, and better equip- 
ment to meet these situations is being 
planned. Because these odor occur- 
rences appear to be infrequent, use is 
made of the chemical feed trough by 
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simply moving a tank with a built-in 
stirrer over the trough with the lift 
truck that is used to handle the dry 
alum. 


Public Relations 


A clean, well landscaped plant is an 
important part of good public relations 
and considerable effort has been made 
toward this end in Holland, particu- 
larly because the plant is located in the 
middle of a recreational area and adja- 
cent to a county park. The plant cus- 
todian pointed out before the landscap- 
ing was completed that the 1,200 pine 
trees that were planned as part of the 
planting would be catching debris for 
several years before they would grow 
from their original 18-in. size to be- 
come something of beauty. This part 
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of the landscaping was therefore re- 
placed by other trees. More lawn and 
a sprinkler system were also added. 

The Holland plant’s public relations 
got off to an excellent start with a 
public “Open House.” Approximately 
4,000 people went through the plant. 
Refreshments were served and each 
person was given a descriptive bro- 
chure on the plant and a booklet on 
water treatment. The local newspaper 
printed a special issue for the celebra- 
tion. Since the opening, written invi- 
tations to visit the plant have been 
extended to the schools, youth organi- 
zations, and church groups. This pro- 
gram and the vastly improved quality 
of Holland’s water supply have made 
a most favorable impression upon the 
public. 
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Operating Characteristics of Rapid Sand Filters 


Herbert E. Hudson Jr. 


A paper presented on Sep. 19, 1958, at the Ohio Section Meeting, 
Cleveland, Ohio, by Herbert E. Hudson Jr., Partner, Hazen & Saw- 


yer, Detroit, Mich. 


HE operating characteristics of 

rapid sand filters are dependent 
upon the work they are intended to do, 
their design, and how they are man- 
aged; what is expected of the fiiters 
depends on the standards of quality 
for the product served to the consumer. 
Three decades ago the water industry 
was content if treated water had a tur- 
bidity of less than 1 ppm, and the pres- 
ence of gas formers in coliform-bacteria 
tests was tolerated provided the con- 
firmed test was not often positive. 
Today filtered water with turbidities 
less than 0.2 ppm can readily be pro- 
duced at all times, with an average of 
0.05 ppm. Many plant operators are 
nowadays disturbed by a single pre- 
sumptive test for coliform organisms 
and deeply concerned when a single 
confirmed test proves positive. The 
efficiency of rapid sand filtration must 
be given more attention if these mod- 
ern standards are to be met. 


Filter Bed Troubles 


Although it was once believed that 
a filter had to be somewhat dirty in 
order to operate efficiently, it is now 
known that clean filters do a better 
job of treatment and that they remain 
in safe operating condition at times 
when dirty ones would fail (1). The 
condition of the filter bed is therefore 
an important consideration for the de- 
signer and the operator. 
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Filter bed troubles may be divided 
into two kinds: those that start at the 
top of the filter bed, and those that 
start at the bottom. Troubles that 
start at the top of the bed begin with 
compacted flocculated material, which 
combines with filter media to produce 
mudballs. The mudballs grow until 
they sink during the washing process 
and come to rest on the gravel bed. 
There they consolidate into clogged 
masses, which grow laterally and verti- 
cally until they often reach through 
the entire filter bed. These clogged 
masses cause maldistribution of back- 
wash and displacement of gravel. 
Sometimes this displacement is almost 
volcanic, forcing the gravel upward 
completely through the filter bed and 
rendering it ineffective. 

The accumulation of flocculated 
material within the filter bed also 
changes the filter media from incom- 
pressible to compressible and causes 
compaction during a filter run. This 
compacting is indicated both by sink- 
ing of the sand surface during the 
filter run and lateral shrinkage, which 
may open cracks in the bed and along 
the sidewalls. Through these cracks, 
water may penetrate to the under- 
drainage system, thus rendering the 
filter useless. 

On the other hand, troubles may 
start at the bottom of the filter be- 
cause of uneven wash water distribu- 
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tion. The maldistribution may be 
caused by faulty underdrains or by 
the gravel layers. There is a tendency 
for gravel to wander, even in the best 
filters, and thereby induce maldistribu- 
tion of the backwash (2). This is 
not usually serious enough to impair 
the overall operation of the filter, but 
the effects may be cumulative and may 
ultimately result in projection of the 
gravel through the sand bed, thus caus- 
ing failure of the filter. Gravel dis- 
placement also leads to leakage of sand 
into the underdrains and clear wells. 


Washing Methods 


The obvious remedy for filter trou- 
bles is to dismantle the filter, clean its 
components, and reassemble it prop- 
erly. When done frequently enough, 
this can keep a filter in reasonably good 
condition. In some plants such re- 
habilitation is done as often as twice 


a year, which would usually be exces- 
sive; but in these plants it was neces- 


sary. In others, rebuilding may be 
necessary only once in 5—30 years. 

Some plants have been able to elimi- 
nate mud ball troubles by more fre- 
quent washings. In one plant in which 
filter runs of 48 hr or more could be 
maintained, the operator washes the 
filters every 30 hr, in spite of the con- 
sequent head loss. This is good prac- 
tice. Another effective measure is 
scouring the sand surface with a high- 
pressure stream once a month. 

For troubles that begin at the top 
of the filter, preventive measures may 
often be taken. The high rate of back- 
wash (20 gpm/sqft, or more), for- 
merly praised as a preventive measure, 
has not proved uniformly successful. 
The use of air wash, widely advocated 
in the past, has been increasingly aban- 
doned in the United States, though 
they are still used successfully abroad. 
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These methods probably fail because 
of a lack of vigor in the application of 
scouring force. 

The most successful filter-washing 
method used in conjunction with back- 
washing is the surface wash. The 
Baylis fixed-jet system has about one 
4-in. jet for each square foot of filter 
area. This system requires about 
2 gpm/sq ‘ft at approximately 50 psi. 
With its fairly extensive pipe network 
above the sand bed, it effectively cleans 
the sand. 

The filter sweep system devised by 
Palmer uses fewer jets and requires 
about 0.5 gpm/sq ft under 50-psi pres- 
sure. This system uses jets in rotat- 
ing pipe arms that swivel horizontally 
above the expanded bed and in the top 
of the expanded sand during back- 
washing. Although this system does 
not clean the corners as well as the 
fixed-jet system, it does a satisfactory 
job. 

Both kinds of surface wash are sub- 
ject to enlargement of the jet openings 
through the combined forces of scour- 
ing by sand and corrosion. Steel is 
therefore unsuitable for the jet; brass 
is better, but it also wears away. 
Plastic is reported to give good service. 

Without the use of surface wash, 
mud balls may accumulate and form 
as much as 10 per cent of the volume 
of the top 6 in. of the bed in only a 
few months. Proper washing can pre- 
vent the formation of mudbalis and 
thus eliminate all of the filter bed trou- 
bles that begin at the top of the bed 
(1). 

Thus far this discussion has been 
intended to apply to all kinds of pre- 
treatment plants, but softening plants 
present a further difficulty. In such 
plants there is the problem of cementa- 
tion of sand and gravel by chemical 
precipitates. Owing to the deep pene- 
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tration of these materials, surface set forth by McNown (4), Fig. 1 was 


washing is less effective and_back- 
washing is more important. Stabiliza- 
tion of the water before filtration by 
solids-contact reaction or by polyphos- 
phate treatment also helps. 


Underdrain Design 


Troubles that start at the bottom of 
the filter, owing mainly to the mal- 
distribution of backwash water, spring 
first from the design of underdrains. 
Underdrain types are given a thorough 
review by Hazen (3). 


prepared for a perforated-pipe system 
in a filter 19 ft x 56 ft with under- 
drain laterals 9.5 ft long. The value 
Q,/Q is the ratio of discharge through 
the orifice to the flow past the orifice 
in the lateral. This was plotted against 
in which 
V(?/2g 
hy’ is the head loss through the lateral 
owing to friction, V; is the average 
velocity through the lateral, and g is 
the acceleration due to gravity. The 
dashed portion of the curve represents 


a head-loss term (4) 
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Fig. 1. Head Losses at Orifices in Lateral 


The laterals of the filter from which data for this curve were taken were 9.5 ft long. 
The dashed portion of the curve represents losses that could be expected if the laterals 
were longer. 


Figure 1 represents a_ hydraulic 
analysis of an underdrain system. It 
reveals that one generally ignored hy- 
draulic characteristic of manifold sys- 
tems is a vital consideration in the 
design of underdrains. The old prac- 
tice of relating orifice openings to the 
area of the bed and similar methods do 
not produce adequate designs. In ad- 
dition to the change in pressure along 
the lateral, a major design criterion is 
the variation in orifice coefficients 
along the manifold. Through methods 


the increased variation that would 
be expected if longer laterals were 
used. 

It can be seen from the figure that 
there is a tendency for the discharge 
through the orifices to be lower near 
the inlet to the lateral than near its 
terminus. This is because the water 
has a more difficult time turning to 
pass through the orifice when the lat- 
eral velocity is high. Consequently the 
orifice “contractions” are more severe 
at high flow velocities. 
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There is a substantial, systematic 
variation in the flow through the ori- 
fices along each lateral. The variation 
is greater for systems having a greater 
number of ports, or orifices. On the 
other hand, the openings into the filter 
bed must be spaced closely enough to 
insure adequate dispersion of wash 
water throughout the gravel. Once 
the geometry of any manifold has been 
determined, design curves such as that 
in Fig. 1 may be prepared. 

One method of improving under- 
drains is to use a larger number of 
small-diameter orifices in the laterals. 
This invariably results in greater head 
loss, but it improves the distribution 
of wash water. Loss of head is not 
a serious problem, because the amount 
of water used in filter washing should 
usually be less than 2 per cent of the 
total production in a well operated 
plant. There is, of course, no reason 
to waste power that could be saved 
through proper design. 


Gravel 


The gravel layer cannot be expected 
to operate efficiently if the underdrain 
system is poorly designed. The gravel, 
during backwashing, serves only to dis- 
tribute the water from each orifice 
through the area served by that orifice. 
It is good to have as many as five 
layers of gravel, each several inches 
thick, so that variations in level during 
installation will not be too important, 
and so that the gravel will aid in dis- 
tributing the wash water throughout 
the filter area. The layers of gravel 
should be so graded that the sizes vary 
only gradually from one level to the 
A typical set of sizes is: top 
10-8 mesh; second layer, 8 


next. 
layer, 


mesh—} in.; third layer, 4-4 in.; layer, 
4-1 in., and so on. 


The top layer 
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must be fine enough to support the 
filter sand design during filtration. 
For a sand having an average size of 
0.7 mm, it has been customary to re- 
quire that the top layer of gravel be 
10-8 mesh. 

Although it was formerly believed 
that the top layer should be about 4 
in. thick, in order that some weuld 
still remain even if part of the layer 
moved during washing, it has been 
found that a thinner layer serves 
equally well. Studies of building un- 
derdrainage and gravel packs for wells 
(5), indicate that there is no signifi- 
cant intermixing of adjacent, non- 
uniform layers if the median sizes of 
the layers differ by a factor of no more 
than five. It is assumed that this fac- 
tor would be reduced somewhat for 
relatively uniform materials and that 
the 10—-8-mesh gravel could be replaced 
by 8-6-mesh material with the filter 
sands that are now generally used. 

The most recent work on the prob- 
lem of gravel movement during back- 
washing has been done at Chicago. 
Experimental work on higher-density 
materials (normal silica gravel has a 
specific gravity of 2.65) is being car- 
ried out. Higher-density materials are 
available with specific gravities in ex- 
cess of 3.00. 


Filter Inspection 


Routine inspection of filters should 
be standard practice. The inspection 
measures should include examination 
of each filter at least once a month 
and sounding during backwashing to 
see whether movement of gravel has 
occurred. Figure 2 is an illustration 
of a typical filter bed showing in detail 
the variation in gravel levels found by 
probing through the sand during back- 
washing with a }-in. wooden rod (6). 
Variations in this filter are normal and 
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may be expected in many filters. Vari- 
ations greater than these may be cause 
for concern. It is very easy to feel the 
top of the gravel layer with such a rod. 
The rod should be so graduated that 
variations in distance from the water 
surface to the gravel surface may be 
measured rapidly. 

A second measure for inspection of 
filters is sampling for mudballs. This 
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An important part in the inspection 
of filters is observation of what occurs 
during backwashing in each bed. If 
the sand boils up in a particular filter, 
always at the same location, sounding 
will probably reveal disruption of 
gravel beneath the boil. Inspection of 
the filters may also reveal clogged 
masses that project through the filter 
bed and are evident at the surface as 


10 ft — 


Low Area 


Fig. 2. Contours of Gravel Surface in Typical Filter 


The data upon which this diagram is based were obtained by probing the filter with 


a sounding pole during backwashing. 


is done by taking a sample of known 
volume from the top 6 in. of the bed, 
and screening it under water through 
a 10-mesh sieve. Any material that 
remains on the sieve (exclusive of 
gravel) is classified as mudball mate- 
rial. The percentage of mudballs by 
volume should not exceed 1 per cent. 


The contours are expressed in inches. 


well as cracks in the bed that occur 
during filtration. The detection of the 
cracks usually requires drainage of the 
filter before backwashing. The sound- 
ing pole also reveals clogged masses, 
which give a soft, passive resistance 
instead of the “chinky” feel that gravel 
has. 
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Another way to keep track of filter 
bed condition is continuous monitor- 
ing of the filtered-water quality from 
each filter. An easy way to do this 
is to provide a cotton-plug unit for 
each filter, and to operate it at such a 
rate that the plug will yield good val- 
ues when changed weekly. A rate of 
40 ml/min should be satisfactory for 
turbidities up to 0.3 ppm. The cotton 
plugs, weighing 2 g, are ashed and 
the residue is weighed. The weight of 
residue divided by the amount of water 
that has been passed through the cot- 
ton plug (which is controlled by a sim- 
ple float valve—orifice arrangement) 
gives the quantity of suspended mate- 
rial appearing in the filter effluent in 
milligrams per liter. Normally all fil- 
ters should produce approximately the 
same amount of suspended matter in 
the filter effluent. Any abnormally 
high value is cause for inspection. It 
may be found that the sand in the unit 
is of different size than in the other 
filters, or that there are clogged 
masses, disturbed gravel, cracking, or 
pulling away from the sidewalls. 


Filter Media 

An important fact about filter media 
is that the quality of filtered water is 
dependent upon the size of openings 
through the bed. The larger the open- 
ings the less clear the effluent will be. 
In a plant where sanitary hazards are 
low and water has been well treated 
before filtration, coarse sand may 
safely be used. If pollution hazards 
are high, however, and pretreatment 
facilities are not completely satisfac- 
tory, finer sand is required. Sand finer 
than 0.5 mm is rarely used, because 
coarser sand will generally produce 
safe water with turbidities of less than 
0.2 ppm, and finer material causes 
great trouble in short filter runs. The 
lengths of filter runs are directly pro- 
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portional to the square of the sand size, 
and very fine sand may cause rapid 
clogging. 

Most filter sands are rounded, and 
there is clear evidence that the rounded 
particles produce clearer water than 
angular ones. This is because the 
angular materials give greater poros- 


5.0 
—- = 
Anthracite —4 | | 
il | 
| | 
No Silica | | 
Treatment | | | 
| 
/ | | | Silica 
0.10 r 4 | Treatment 
/ | 
/ 
/ 
Anthracite | 
0.01 
0.1 02 0.5 1.0 2.0 


Effective Size - mm 


Fig. 3. Turbidity Removal With 
Various Filtering Materials 


Turbidity was determined by cotton plug 
filter. The curve for treatment without 
activated silica shows that effluent turbid- 
ity from coarse materials approached that 
of settled water. 

ity. It has been found that, for a given 
size, the porosity of rounded sands is 
about 43 per cent, whereas the poros- 
ity of angular sands ranges from 48 
to 55 per cent. 

Figure 3 is based on data collected 
at Chicago (7). From the curves it 
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Fig. 4. Effluent Turbidity After 
Filter Washing 


The rise in turbidity just after the begin- 
ning of a filter run is due to break- 
through of flocculated material broken 
up during the washing process. This 
turbidity cleared up much more rapidly 
with 0.5-mm sand (dashed curve) than 
with 0.9-mm sand (solid curve). 


can be seen that filtered-water tur- 
bidity is directly proportional to the 
cube of the sand size. The figure also 
demonstrates the difference in filter 
effluent quality for two flocculation 
conditions. Flocculation conditions are 
more favorable during warm weather 
than cold, and lower turbidities are 
easily obtained. For both conditions 
it will be noted that the turbidity of 
the effluent from the bed of angular 
material was more than twice that of 
the effluent from the rounded-sand 
filter. 

These results do not condemn the 
angular materials, which may safely 
be used, if a corresponding size reduc- 
tion is made, with equal results. For 
filters of equal clarifying ability, filter 
runs will be approximately equal in 
effectiveness, regardless of porosity 
(8). 

The use of anthracite (an angular 
material) has grown in recent years. 
Its use may sometimes be accompanied 
by a lowering of filtered-water quality. 
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Anthracite filtering materials are 
lighter than sand and therefore more 
subject to troubles that start at the 
top of the filter bed. On the contrary, 
they are less subject to the troubles 
that start at the bottom of the filter 
bed, because coal is much lighter in 
weight than gravel and there is little 
tendency for the gravel to move. 
There is a very useful place for the 
light-weight angular materials as an 
additive to the sand bed. Several 
inches of anthracite of 1-mm effective 
size may be placed on top of a filter 
having a sand of 0.5 mm effective size. 
Under backwashing alone, the mate- 
rials stay completely separate. There 
is some mixing when surface washes 
are used, but surface washing is neces- 
sary in order to offset the increased 


mudball-forming tendencies of the 
lighter-weight materials. Restratifi- 
0.15 
> 0.10 
0.05 + 
0 2 4 
Head Loss —ft 
Fig. 5. Breakthrough at End of 
Filter Run 


The solid curve represents the increase 
in turbidity with head loss with weak 
floc; the dashed curve represents the in- 
crease with normal floc. Turbidity data 
were gathered with a microphotometer. 
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cation may be obtained by a period of 
low-velocity upflow after the surface 
wash is turned off. The use of coarse 
anthracite on top of sand substantially 
lengthens filter runs. 


Breakthroughs in Filters 


At the start of a filter run, there is 
a minor breakthrough of suspended 
matter into the effluent. It used to 
be the custom to operate filters to 
waste at the start of the run for a 
period long enough to flush away this 
breakthrough, which may last for as 
much as 1} hr, but which is usually 
complete in 30 min. The startup 
breakthrough is probably caused by 
floc within the sand bed that is broken 
up during the washing process. The 
breakthrough occurs whether surface 
wash is used or not. Figure 4 shows 
breakthrough curves for two filters 
having fine and coarse sand (0.5- and 
0.9-mm effective sizes, respectively). 
Both filter beds were clean and in good 
condition. There is reason to believe 
that the startup breakthrough generally 
lasts longer with coarse materials than 
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Fig. 6. Head Loss and Turbidity Removal 
With Strong Floc 


Comparison of the head loss (solid) 
curve with the turbidity (dashed) curve 
shows that there is a fairly constant rate 
of turbidity removal when the clogging 
rate increases throughout the filter run. 
Breakthroughs rarely occur under these 
circumstances. 
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Fig. 7. Head Loss and Turbidity Removal 
With Weak Floc 


The solid curve represents head loss; 
the dashed curve represents turbidity. 
The sudden rise in turbidity indicates a 
breakthrough, and is caused by the in- 
ability of the weak floc to remain within 
the filter bed. As can be seen, the break- 
through was preceded by a decline in 
the clogging rate. 


with fine ones. The duration of the 
breakthrough for the coarse material is 
greater than can be accounted for by 
the 30-min supply of water held above 
the sand within the filter, and is evi- 
dence that the coarse material requires 
considerable time before it functions 
with full effectiveness. This period 
may last as long as 5-10 per cent of 
the total filter run. 

Toward the end of filter runs, espe- 
cially when flocculation is not strong, 
there may again be filter breakthroughs. 
An example of this is shown in Fig. 
5 for a period of weak flocculation, 
as compared to a period of moderately 
strong flocculation. The data were 
obtained by using a _ continuous- 
recording microphotometer. It can be 
seen that in both cases there was a 
tendency for the turbidity to rise at 
the end of the filter runs, but that this 
tendency was much greater when floc 
was weak. This difficulty may be 
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eliminated by earlier backwashing. 
The occurrence of breakthroughs at 
the end of the filter run may be found 
only by spot-checking of filters, or with 
recording turbidimeters, which are ex- 
pensive. A “sight” well in the filtered- 
water reservoir may give information 
on the existence of a breakthrough, 
but will not identify the filter causing 
the trouble. 

Breakthroughs may also be antici- 
pated from the behavior of the rela- 
tionship between time and head loss. 
For a constant-rate filter, it is usual 
for the loss of head to be virtually con- 
stant at the beginning of the filter run, 
and then to rise at an increasing rate 
throughout the filter run. This is 
shown in Fig. 6. Under such condi- 
tions, breakthroughs are uncommon. 
The shape of a filter run curve is diffi- 
cult to observe from the circular charts 
usually used. Strip charts are far 
more informative. As breakthrough 
threats increase, the filter run curve 
tends to become straighter, and when 
it is almost completely straight, the 
hazard is substantial. The worst con- 
dition of all is that shown in Fig. 7, 
which is a severe breakthrough, in 
which the floc is not strong enough to 
be held within the filter beds, and the 
loss of head increases less rapidly to- 
ward the end of the filter run. Under 
conditions such as this, filtered-water 
turbidities may be nearly as high as 
the applied water turbidities. Data 
for Fig. 6 and 7 were obtained with 
a recording microphotometer. 


Summary 


Filters should be so operated as to 
produce filtered water turbidities of 
0.2 ppm or less. They are hampered 
in this aim by becoming fouled with 
mudballs and the troubles that grow 
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out of mudballs. They are also ham- 
pered by inadequate wash water dis- 
tribution, which may be due to dis- 
turbance of the gravel or improper 
underdrain design. Surface washing 
prevents troubles that start from the 
top of the bed. 

Coarser sands may be safely used 
where there is good pretreatment, but 
it must be remembered that the concen- 
tration of suspended matter in the efflu- 
ent is proportional to the cube of the 
effective size. Angular materials, such 
as anthracite, must be used with discre- 
tion; the adverse effects of their high 
porosity necessitate the use of finer 
materials to obtain results equal to 
those produced by rounded materials. 

Filter breakthroughs can ruin filtered- 
water quality. They can be detected 
by frequent checking of turbidity. 
Analysis of filter run curves is useful 
in guarding against the occurrence of 
breakthroughs. 
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Importance of Underdrains in 
Filter Backwashing 


Raymond E. Hebert 


A paper presented on Apr. 24, 1958, at the Annual Conference, Dallas, 
Tex., by Raymond E. Hebert, Pres., Filtration Equipment Corp., 


Rochester, N.Y. 


OR the purposes of this discussion 

only the backwash cycle of rapid 
sand filters will be considered. In 
order to evaluate an underdrain system, 
its relation to the overall problem of 
filter operation should be considered. 
Although the design of an underdrain 
system is important, satisfactory re- 
sults cannot be obtained unless means 
are provided to stabilize the sand and 
gravel areas, remove a large percent- 
age of foreign matter from the sand, 
and reduce the use of backwash water 
to a minimum. 

The backwash operation can be di- 
vided among these three separate 
areas of the filter, each utilizing a dif- 
ferent principle of hydraulics: [1] the 
distribution area from the bottom of 
the filter through the underdrain and 
large gravel up to the bottom of the 
small gravel layer; [2] the filtering 
area, which includes the small gravel 
and sand; [3] the cleaning area from 
the level of the expanded sand to the 
level of the overflow into the wash 
troughs. Figure 1 indicates the loca- 
tion of these three areas as well as 
their relative resistances to flow in a 
typical filter under the conditions 
noted. 


Distribution Area 


The purpose of the distribution area 
is to spread the water so that it reaches 
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the bottom of the filtering area at a 
level plane. In order to accomplish 
this, the design should allow for free 
movement of the water in all direc- 
tions so that it can seek its own level. 
All of the tests which have been con- 
ducted indicate that a satisfactory dis- 
tribution can be secured with a free- 
flowing underdrain system consisting 
of noncorrosive plates with 1-in. di- 
ameter holes on 6-in. centers and baf- 
fles to prevent the gravel from plug- 
ging the holes. This type of under- 
drain offers very little resistance, and 
it is therefore unnecessary to secure it 
to the filter bottom. It not only re- 
duces the cost of the original installa- 
tion, but also has the advantage of 
being removable and replaceable at 
very little labor cost if it should be 
necessary to clean the filter. The dis- 
tance between the bottom of the filter 
and the bottom of the underdrain can 
be controlled by the length of the sup- 
porting legs. 

This system provides stability and 
a very even distribution when the 
backwash water is introduced under 
the filter bottoms in excess of 25 
gpm/sq ft—even before any gravel. is 
put in place. Although tests do not 
indicate a maximum, it is recom- 
mended that the backwash intake be 
designed to maintain a velocity of ap- 


a 
4, 


124 


proximately 2 fps at the point where 
the water enters the underdrain area. 

A careful investigation of the de- 
termination of the orifice ratio for- 
mula (ratio of orifice area to total 
bed area), used to calculate size of ori- 
fices in lateral systems, indicates that 
the calculations are based on orifice 
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Fig. 1. Section of a Rapid Sand Filter 


The graphs represent loss of head at suc- 
cessive levels in the filter bed. The 
dotted pair represents backwashing at 
15 gpm to give a 24-in./min rate of rise; 
the solid pair represents backwashing at 
22.5 gpm to give a 36-in./min rate of rise. 


cause the orifices in an underdrain sys- 
tem discharge into water in the bottom 
of a tank with a head of 5-8 ft, this 
formula does not apply. 

Many present underdrain systems 
are designed on the basis of this for- 
mula, and although their performance 
is satisfactory, in the evaluation of 
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their relative merits serious considera- 
tion should be given to the wasteful 
and unnecessary cost of pumping 
against this high resistance. There 
are some instances where the small- 
diameter holes have corroded or be- 
come plugged, creating a resistance so 
great that it is impossible to supply 
sufficient backwash water for proper 
cleaning. 

All of the tests indicate that a lat- 
eral system is not necessary for proper 
distribution of the backwash water, 
and that the underdrain system should 
be designed to support the gravel and 
sand with as little resistance as pos- 
sible. As shown in Fig. 1, the largest 
percentage of the total resistance 
through the filter is in the small-gravel 
and sand area, which takes over con- 
trol of the flow as soon as the water 
enters that section of the filter. It is 
therefore obvious that the safety factor 
in the distribution area is extremely 
large. 


Filtering Area 


As soon as the water reaches the 
filtering area, its flow is controlled by 
the resistances of this medium in the 
various areas of the filter, and the 
greatest flow is through the areas of 
least resistance. 

Observations of the operation of a 
144-sq in. test filter at the Rochester, 
N.Y., municipal plant, showed that the 
gravel remains stable at a backwash 
rate as high as 30 gpm/sq ft (48-in. 
rise). This would seem to indicate 
that movement of the small gravel in 
a large filter is caused by lateral flow 
of the water with increased velocity 
adjacent to areas of low resistance. 
This horizontal velocity can become 
very high and is increased each time 
the filter is backwashed. The move- 
ment of the small gravel into the sand 
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layer causes areas of greater differen- 
tial in resistance. 

In order to prevent horizontal move- 
ment of the small gravel in working 
installations, by duplicating as nearly 
as possible the 144-sq in. filter in which 
these tests were conducted, baffles have 
been fabricated 21 in. high in an egg 
crate effect, forming 12-in. and 24-in. 
squares. These extend from the top 
of the large gravel through the balance 
of the gravel up into the sand layer. 
An installation has been made at the 
Marathon Corp. at Oswego, N.Y., and 
at the Belmont plant in Philadelphia. 
A new 24-in. square test filter with 
transparent sides is being constructed 
to make it possible to determine the 
maximum dimensions of the area 
formed by the baffles as well as the 
most effective height required. 

Data are also being collected on the 
cause and effect of air accumulation 
under filter beds. 


Cleaning Area 


After the water has passed through 
the sand area, its primary function is 
to transport the foreign matter that 
has been separated from the sand into 
the wash troughs. As the solids- 
carrying capacity of water is pronor- 
tional to its velocity, this area should 
be designed to maintain or increase the 
velocity. By the introduction of a 
baffle from just above the level of the 
expanded sand to the lip of the over- 
flow on the test filter, it was observed 
that the higher velocity produced a 
much better and faster movement to 
the overflow. Because the flow was 
directed, it also eliminated the “short 
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circuiting” of the heavier particles. 
Preliminary calculations indicated that 
savings of more than half of the back- 
wash time at the same flow rate and 
a much higher percentage of cleaning 
could be obtained by this method. 

In order to secure accurate data on 
a filter in actual operation, sectional 
baffles, formed like the hull of a boat, 
were designed and installed in one of 
the filters at Marathon Corp. Data 
are being compiled on this installation 
and comparison with the other five fil- 
ters at this plant should give an indi- 
cation of its practicability. 

Inspection of a number of filters 
indicates that a large percentage of 
the difficulty in operation is caused by 
not removing a high enough percent- 
age of foreign matter by backwashing. 
This condition allows the material that 
is left in the filter to produce uneven 
resistance in the sand bed, inefficient 
filtering, and, eventually, an upset 
filter bed. 


Conclusion 

Because of the unanswered problems 
brought out in this discussion, and 
after a review of the available, pub- 
lished information on this subject, the 
author feels that continued research 
should be promoted. This should not 
only include methods for the design of 
new plants, but it should also be ex- 
tended to promote more efficient opera- 
tion of the thousands of rapid sand 
filters that are furnishing a large per- 
centage of municipal water supplies, 
and are, in many cases, struggling to 
meet the increasing demand. 
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Nature and Effects of Filter Backwashing 


John R. Baylis 


A paper presented on Apr. 24, 1958, at the Annual Conference, Dallas, 
Tex., by John R. Baylis, Engr. of Water Purification, Dept. of Water 


& Sewers, Chicago, Ill. 


ILTER bed trouble is as old as 

rapid sand filtration. Some of the 
causes of filter bed trouble have been 
corrected, but left unsolved are the 
major causes, such as movement of the 
fine gravel during backwashing, form- 
ing mounds, and leakage of sand 
through the beds. The formation of 
troublesome, mud-clogged areas in 
filter beds is now being largely elimi- 
nated through use of surface wash sys- 
tems. When the surface wash was 
developed into a practical aid in back- 
washing, it was thought that most of 
the filter bed troubles would be at an 
end. Clogging trouble has been elimi- 
nated, but it is not known how to con- 
struct filters in which the gravel will 
remain in place indefinitely. 

The fine gravel in filter beds moves 
from its original place in the bed dur- 
ing backwashing, forms mounds, and 
becomes mixed with the sand. The 
movement of the gravel is such that 
in places the sand comes in contact 
with gravel coarse enough to allow it 
to flow gradually downward through 
the gravel and eventually pass out with 
the filtered water (Fig. 1). Back- 
washing of rapid sand filters is a neces- 
sity. The period between backwash- 
ings varies from a few hours to 2-3 
days. Filters are designed with a view 
to backwashing as soon as the bed 
becomes so clogged with coagulated 


material that the desired rate of filtra- 
tion cannot be maintained. 


Various Opinions 


Ideas vary widely as to the rate at 
which a filter bed should be back- 
washed. Some filter operators are 
of the opinion that the backwashing 
should be rapid enough to expand the 
bed about 50 per cent. Others be- 
lieve the rate should be lower. The 
author is inclined to think that better 
friction between the sand grains, to 
loosen the coagulated material adher- 
ing to them, is accomplished at about 
20-25 per cent expansion of the sand 
bed, and that this is a better rate to 
use than 50 per cent expansion. It 
at least allows better action of the 
surface wash. 

Various opinions have been ad- 
vanced as to what causes the top 
gravel to move about in the bed, to the 
extent that it mixes with the sand and 
causes uneven distribution of the back- 
wash water. Some have expressed the 
view that the trouble is the result of 
uneven distribution of the backwash. 
This, of course, can be a contributing 
factor, but it is not the main cause in 
many filtration plants. Filters with 
perfect water distribution under the 
beds often get out of order. The au- 
thor, some years ago, made a study 
of the cause of mixing of sand and 
gravel at their junction (J). A study 
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was also made to determine the cause 
of clogged areas. This is a problem 
that no type of filter bottom, except 
porous plates, can solve. But while 
solving one trouble, the porous plate 
creates other difficulties which have 
prevented its widespread use. Anyone 
who hopes to prevent gravel from 
mounding in filter beds by using some 
improved design of underdrain can 
only look forward to disillusionment, 
and should, therefore, seek some other 
solution. 

Lucky is the plant that does not have 
to rebuild filter beds more often than 
once in 20 years, but there are a num- 
ber of plants where the beds have been 
in use longer than 10 years with no 
great amount of trouble. Filter beds 
in a few plants have to be rebuilt al- 
most every year. The author once 
worked in a plant with 32 filters where 
all the beds had to be rebuilt three 
times in 10 years. 

When the fine gravel in some of the 
large filters in the South District Fil- 
tration Plant mounded to the extent 
that some of them had sand leakage 
in less than 10 years of use, another 
study of gravel movement and _ its 
causes was undertaken. 

Two types of experimental filters 
were used in the backwashing tests. 
One was a glass-walled filter, 9 sq ft 
in area, and the other was a clear-wall, 
6-in. plastic pipe. Figure 2 is photo- 
graph of the plastic filter as set up. 
The plastic filter was constructed about 
2 years ago. The first experiments on 
the 6-in. pipe filter were to determine 
the backwash rates required for par- 
ticular gravel bed expansions. 

Table 1 gives tests on backwashing 
beds of gravel in the pipe filter, 6.54 
in. inside diameter. The relation of 
backwash rate to loss of head is plotted 
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on the graph in Fig. 3. It is interest- 
ing to note that the head loss does not 
increase materially above 3 ft for the 
various sizes of gravel. The backwash 
rate needed to produce partial suspen- 
sion of the gravel, of course, increases 
rapidly with the increase in size of 
gravel. 


Jet Action 


From these tests it is evident that 
high water velocities are required in 
order to expand gravel beds. The 
rates are higher than would ever be 
used in rapid sand filter washing. It 
is the jet action of the water mixed 
with sand that produces velocities 
which will move particles of gravel. 
To illustrate, if a backv .sh rate of 30 
gpm/sq ft, or 48-ipm vertical rise, is 
required barely to move gravel of finer 
size, then it is evident that jet action 
must need greater velocities. That this 


Hole in Sand Caused by Mixing 
of Sand With Gravel 


Fig. 1. 


This hole, which extends all the way 

through to the gravel layer, is a typical 

exampie of the damage caused by sand 
leakage. 
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is true of sand bed expansion of more 
than about 8 per cent is evident from 
approximate measurements of the ve- 
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with a considerable amount of sand, 
as it occurs in the beds, will have a 
greater lifting force than water with 


TABLE 1 
Backwash Characteristics of Gravel 
Backwash Rate . Backwash Rate 
Gravel Head gpm/sq ft Gravel Head | gpm/sq ft 
Expansion Loss Expansion Loss 
in. ft in. ft 
First | Second | First Second 
gravel | 1_4-in. gravel 
0.0 0.1 7.64 9.95 
0.0 0.1 1.68 | 2.01 0.0 0.2 11.81 16.75 
0.0 0.2 3.00 5.55 0.0 0.3 15.15 22.30 
0.0 0.3 4.20 5.97 0.0 0.6 24.50 34.50 
0.0 0.6 7.51 11.00 0.0 0.9 31.00 44.0 
0.0 0.9 10.73 15.02 0.0 1.2 36.30 53.4 
0.0 1.2 13.41 18.98 0.0 1.5 42.8 61.2 
0.0 Ls 15.69 22.17 0.0 1.8 47.3 67.6 
0.0 1.8 18.50 25.30 0.0 i 52.3 72.7 
0.0 2.1 21.46 28.52 0.0 2.4 56.8 69.7 
0.0 2.4 24.14 31.47 0.0 ae 60.7 85.2 
0.0 ya 26.82 34.87 0.5 3.0 65.3 93.4 
6.0 3.0 57.67 50.43 6.0 3.0 138.6 157.4 
12.0 3.05 82.88 86.37 12.0 3.3 181.5 211.0 
18.0 3.5 242.5 
gravel 25% t-4-in., 25% fx-t-in., 50% sand 
| 
0.0 | 0.1 | 0.18 0.70 
0.0 0.1 3.94 5.58 0.0 0.2 0.32 0.97 
0.0 0.2 6.44 9.10 0.0 | oo. 7 0.54 1.40 
0.0 0.3 9.40 12.75 0.0 06° 0.92 2.47 
0.0 0.6 15.28 200.43 || 00 | 09 | 1.29 3.58 
0.0 0.9 20.26 27.73 } 0.0 Re 1.61 4.70 
0.0 1.2 24.99 33.39 0.0 1.5 2.58 6.03 
0.0 is 29.61 39.44 0.0 1.8 3.22 9.93 
0.0 1.8 32.58 44.42 0.0 2.1 2.96 12.89 
0.0 a 36.35 48.28 0.0 2.4 3.35 17.98 
0.0 2.4 40.13 53.13 0.0 2.7 3.99 21.70 
0.0 2.7 43.43 57.68 0.5 3.0 5.23 23.85 
6.0 3.0 92.27 104.29 0.5 3.3 5.92 28.25 
12.0 3.08 123.86 133.05 3.0 3.0 15.53 
6.0 3.05 20.35 
9.0 3.05 25.00 32.55 
12.00 3.00 | 28.95 


locity of the jet. A velocity of 1 fps 
is 720 ipm. This is twelve times the 
velocity required to start suspension of 
to 4-in. gravel. Water that is mixed 


no mixture of sand. In order that 
sand and water continue to mix, the 
sand must be moving constantly into 
the places where sand jet actions 
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occcur; otherwise there will be jets 
without sand. Although the amount 
of sand in the jets may be much lower 
than in other parts of the expanded 
bed, there is enough for the mixture 


Fig. 2. Six-inch Plastic Pipe Filter 


The filter as set up for the experiments. 

The floodlight to the left of the filter was 

used in making most of the photographs 
used. 


to have a specific gravity greater than 
unity. 

Some idea of the unusual force of 
jet action may be obtained by observ- 
ing it in  transparent-wall filters. 
Rather than passing evenly from the 
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gravel into the sand over the gravel 
surface, the water passes from the 
unmoving gravel quite rapidly in 
places, and slowly in others. A filter 
washed at a 25 per cent bed expansion 
may have jets of water that rush up- 
ward from the material not in motion 
into the expanded material at rates 
of more than 8 ips. Attempts to meas- 
ure the velocity of the jets years ago 
indicated velocities as high as 0.8-1.1 
fps. Recently, means have been de- 
vised for photographing sand jet ac- 
tion, and this also has indicated veloci- 
ties in the jets of about 1 fps. An un- 
usually long exposure is made. The 
exposure may be approximately 0.2- 
0.5 sec, instead of the usual 0.02 sec 
or less for a flash-bulb. With low 
backwash rates the exposure should be 
about 0.5 sec to show the streaking 
action of sand jets. For higher back- 
wash rates, the exposure time should 
be less to show the spots where there 
is the greatest velocity. 


Gravel Grading 


The bed of the filter first used in a 
series of tests was a duplicate of the 
large (1,400 sqft) plant filters in re- 
gard to sand and gravel depths and 
sizes. In Fig. 4 the lower part of the 
filter is shown after construction and 
before backwashing experiments were 
started. The bed consists of 25.5 in. 
of sand and approximately 12 in. gravel. 
The three top layers of gravel are of 
the same depth as the layers in the 
large plant filters. The next lower 
layer also is of approximately the same 
thickness as the layers in the plant fil- 
ters. Photographs and motion pic- 
tures of the backwashing did not tell 
the full story because they did not 
show where jet action was taking 
place. An attempt to record the mo- 


4 
ao 
x 
tom 
"8 
{ 
\ 


130 JOHN R. BAYLIS 


tion by placing plastic around the filter 
and marking the jet paths with a col- 
ored pencil failed. 


Photographs 


In experiments with various expo- 
sure times. it was found better to use 
floodlights instead of flashbulbs, and 
give 0.2-0.5-sec exposure, depending 
on the sand jet velocity. This shows 
the sand grains in rapid motion in the 
form of a streak. Where the grains 
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ing. This is reasonably clear in the 
photograph on the right. 

Figure 6 shows three photographs of 
a 4-in. sand expansion and illustrates 
the advantage of the new method. The 
backwash rate to produce this sand 
expansion was 13.90 gpm/sqft. In 
Fig. 6 there are several places above 
the gravel where sand grains are 
plainly visible. In these places the 
grains made no appreciable movement 
during the 0.5-sec exposure. An inter- 
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Backwash Rate—gpm/sq ft 
Fig. 3. Loss of Head in Backwashing Gravel Beds 


Each gravel bed washed backwashed twice to show that when moved in backwashing, 


gravel settles back in a more porous condition. 


Solid curves represent first back- 


washing; dashed curves, second backwashing; Curve A, mixed sand and gravel; 
Pair B, 75-4 in.; Pair C, 4-} im.; Pair D, 4-4 im. 


are shown clearly and rounded, it indi- 
cates almost no motion. This is illus- 
trated by the two photographs in Fig. 
5. There is nothing to illustrate where 
the sand jets are taking place in the 
photograph on the left, but they do 
show in the one on the right, although 
the sand grains over the filter are not 
plainly seen. The main purpose is to 
show where there is rapid motion of 
the sand and the direction it is travel- 


esting part of this picture is the in- 
crease in height of the gravel surface 
it shows. That the filter may have 
been tilted slightly must be taken into 
account. 


Gravel Height Increases 


Figure 7 shows the filter being back- 
washed at a rate to produce 4-in. bed 
expansion. The high mounding of the 
gravel should be noted. Original level 
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was at the height of a small pipe tap 
through the plastic tube for attachment 
to a gage. This pipe connection is 
visible in the center illustration. The 
gravel level is considerably above the 
original level in all three photographs. 
Measurements around the tube perime- 
ter show that the gravel level averages 
about 3 in. above its original height. 

The increase in gravel volume is 
interesting because there appears to be 
little visible mixing of the sand and 
gravel. One has to realize, of course, 
that only the perimeter of the sand 
gravel bed is visible and little of what 
has taken place near the center is 
known. It would be difficult, however, 
to believe that enough gravel was 
moved from the center to account for 
the full increase in gravel height. 

At 6-in. sand expansion, the filter 
was backwashed at a rate of 20.65 
gpm/sq ft. The sand stood about an 


inch above the original level after the 
backwash valve was closed. 

When the filter was backwashed at 
a rate of 25.15 gpm, it produced a 9-in. 


bed expansion. The gravel was not 
greatly off level. The sand jets ex- 
tended higher, with one about 15 in. 
above the gravel. 

Backwashing at a rate of 31.90 
gpm/sq ft expanded the bed 12 in. 
The gravel level for material not in 
motion was close to the original level 
as shown in Fig. 8. A considerable 
portion of the small gravel was ex- 
panded with the sand, and with a slow 
cutoff of the backwash valve it settled 
back to produce a filter bed with the 
gravel above its original height. The 
highest sand jets extended about 15 in. 
above the stationary gravel. 

Backwashing at a rate of 36.55 
gpm/sq ft gave a 15-in. bed expansion. 
The gravel again became mounded 
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when there there was disturbance of 
the larger gravel. Most of the finer 
gravel was mixed with the expanding 
sand. There was rapid motion of the 
sand and water in places, and the sand 


Fig. 4. Gravel Layers in 
Plastic Pipe Filter 


This photograph shows the gravel layers 
in the filter as constructed, before any 
expansion of the bed. 


jets extended upward 15-18 in. above 
the gravel. 


Test Results 


1. There is sand jet action at any 
expansion of the bed. The jets in- 
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crease in velocity and height as the 
backwash rate is increased. 

2. There is movement of gravel by 
the sand jets at all expansions of the 
bed over 2 in., or about 8 per cent. 
Mounding is caused by pickup of 
gravel in a sand jet and its deposit in 
places where there is no rapid, upward 
flow of the water. 
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Original sand 244 


The main difference in the gravel bed 
construction was the substitution of 
an inch layer of gravel for the two 


Fig. 5. Comparison of Flashbulb and Floodlight Photographs of Filter Backwashing 


Left photograph (flashbulb) shows no motion of the sand, whereas the streaming is 
clearly visible in right photograph taken with a floodlight. 


3. In the filter used, the gravel 
mounds were as high at a 4-in. bed 
expansion as they were at any greater 
rate of backwashing. This condition 
may or may not be true for larger 
filters. 


Thin Gravel Layers 


On Sep. 25, 1957, the 6-in. plastic 
pipe filter was rebuilt as follows: 


upper layers, instead of 2} in. for the 
top layer and 34 in. for the second 
layer. The two bottom layers of 
coarse gravel were made deeper so that 
the top of the gravel would extend to 
the small pipe takeoff. 

Backwashing at a rate of 9.35 
gpm/sq ft gave a 2-in. sand expansion ; 
there was very little sand jet action 
at the boundary between the sand and 
gravel. In places above the gravel 
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layer, the sand moved rapidly enough 
to be detected. After a 24-hr back- 
washing at this rate, there was no 
observed movement of the gravel. 
Backwashing at a rate of 15.65 
gpm/sq ft gave a 4-in. sand expan- 
sion. Very little sand jet action was 
noticed at this rate. There was slight 
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The filter was backwashed for 4 
days at a rate intended to expand the 
bed 4 in. One well defined jet was 
developed and extended 8-9 in. above 
the gravel surface. The gravel was 
mounded about 2 in. above the original 
level in places. No depression ap- 


peared in the gravel surface, and it 


Fig. 6. Bed Expansion of 4 in. 


Exposure time for these photographs was 0.5 sec. 
Note the increase in height of the gravel level 


this expansion was 13.90 gpm/sq ft. 


The backwash rate to produce 


over the original level. 


streaking on the photographs of the 
upper part of the filter bed, which indi- 
cated more rapid sand motion. The 
gravel layer, however, was moved 
somewhat, and piled up about an inch 
above its original level along the side 
of the small pipe tap. 


may be that the gravel was moved 
from the center of the filter over 
against the wall. 

At a backwash rate of 20 gpm/sq ft 
to give a 6-in. bed expansion, a sand 
jet was distinctly visible. There was 
some mounding of the gravel—up to 
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about 3 in. above the original level. 
At no place around the periphery of 
the filter had the gravel been moved 
to where it was lower than the original 
depth. Either there was expansion of 
the gravel or a considerable amount 
of gravel was pulled from the center 
of the filter and mounded at the side. 
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jet extended upward more than 6 in., 
although the sand was moving quite 
rapidly 12-20 in. above the gravel sur- 
face. There may have been an interior 
sand jet below that level that did not 
show against the filter. 

The backwash rate required to pro- 
duce a 10-in. bed expansion was 29.40 


Fig. 7. Uneven Gravel Surface 


Note the high mounding of the gravel. 


The filter was here being backwashed at a 


rate to produce a 4-in. bed expansion. 


A backwash rate of 23.1 gpm/sq ft 
was required to expand the bed 8 in. 
Jet action extended around much of 
the periphery at the gravel surface. 
There were places where the gravel 
level was at least an inch below the 


original surface. Evidently, part of 
the gravel was being expanded and 
was in motion with the sand. No sand 


gpm/sqft. The surface of the gravel 
was definitely beneath its original level, 
although there was not very much jet 
action at the gravel surface around the 
filter wall. Most of the rapid motion 
of the sand took place about 12-24 in. 
above the gravel surface. This was 
most likely produced by an interior 
sand jet. 
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Backwashing at a rate of 33.7 
gpm/sq ft produced a 12-in. bed ex- 
pansion. The gravel layer at one 
place was fully 2 in. below the original 
surface. A sand jet extended upward 
about 14 in. 

A backwash filtration rate of 36.25 
gpm/sq ft was required to produce a 
14-in. bed expansion. The gravel sur- 
face, shown in Fig. 9, was similar to 
that at a 12-in. expansion. There was 
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was then cut off and the bed was al- 
lowed to settle. There was not much 
unevenness of the gravel, but the sand 
bed was more than an inch above its 
original level. 


Three Thin Gravel Layers 


After completion of the experiments 
with two thin layers of gravel, another 
filter bed was constructed in which 
the three top layers were each an inch 


Fig. 8. Backwashing at a 12-in. Bed Expansion 


The level of the stationary gravel remained close to the original level, although much 
of the finer gravel that was caught in the jets finally settled down to produce a slight 
expansion of the gravel bed. 


one sand jet that extended about 24 
in. upward from the gravel surface. 
Some streaking occurs in the other 
photographs of the backwashing at this 
rate, indicating rapid movement of the 
sand. No well defined sand jets oc- 
curred, except at one place, as men- 


tioned. About as much gravel ap- 
peared above the original gravel sur- 
face as below it. The filter backwash 


thick. Enough large gravel was added 
so that the top of the smaller gravel 
extended to the small takeoff pipe. 

Backwashing at a rate of 10.3 
gpm/sq ft gave a 2-in. sand expansion. 
There was almost no jet action at the 
junction of the sand and gravel, unless 
it took place away from the side wall 
of the filter and therefore went un- 
detected. 


e 
= Ay 
t 


JOHN R. BAYLIS Jour. AWWA 


A backwash rate of 36.25 gpm/sqft was required to produce this bed expansion. 
Only one large sand jet was clearly visible, as may be seen from the figure. 


Fig. 10. Bed Expansion of 6 in. 


A backwash rate of 17.8 gpm/sq ft was required to produce this bed expansion. 
longest jet produced was about 6 in. 
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Backwashing at a rate of 14.0 
gpm/sq ft gave a 4-in. sand expansion. 
There was some jet action at the junc- 
tion of the sand and gravel, the longest 
jet extending upward about 7 in. In 
addition, there were places in the bed 
that showed more rapid movement of 
the sand at higher levels. 

The photographs of Fig. 10 show 
the bed being backwashed at a rate of 
17.8 gpm/sq ft to give a 6-in. expan- 
sion of the sand bed. In order to 
make the photographs larger, only that 
portion of the filter bed in which most 
of the jet action took place is shown. 
The longest of the jets shown in the 
four photographs was about 6 in. (Fig. 
10a). There is an area above this jet 
in which there was little motion of the 
sand, and another where motion was 
rapid enough to show streaking. 


Higher rates of flow were noticed in 
several places on the other photo- 


graphs, particularly the upper part of 
Fig. 10d. The slight, light streaks 
along the left portion of Fig. 10a and 
along the right portion of Fig. 10d 
were caused by reflection from a paper- 
covered support for the tube. 

Backwashing at a rate of 21.25 
gpm/sqft gave 8 in. of expansion. 
The sand jets did not extend as high 
as for the 6-in. expansion, with the 
possible exception of one. There were 
very few places in the upper part of 
the filter where there was rapid flow 
of the sand and water. 

Backwashing at a rate of 25.9 
gpm/sq ft gave 10 in. of expansion. 
The maximum height of any sand jet 
was about 8 in. Near the upper part 
of the filter was an area showing fairly 
rapid motion. Particles of gravel 
mixed with the sand could be detected 
above the sand jets. 

The bed was backwashed at a rate of 
30 gpm/sq ft to give a 12-in. expansion. 
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The photographs in Fig. 11 do not 
show jets extending upward more than 
6-8 in. These photographs seem to 
show the rapid flows of the jets more 
clearly. They also show that jet origin 
is in the gravel. This is particularly 
noticeable in Fig. lla, b. In Fig. 1lc 
a few particles of gravel are noticed 
just above the jets, where the motion 
of the material was not rapid. What 
appear to be particles of material in 
some of the jets are believed to be 
objects fastened to the side of the glass 
that were not in motion. A particle 
of gravel in a jet very likely would 
show as a streak }—4 in. long. 

Backwashing at a rate of 35.6 
gpm/sq ft gave a 15-in. sand expan- 
sion. The sand jet action extended 
upward more than 12 in. Some lower- 
ing of the gravel surface was noticed 
in places where there was greater jet 
action. 

Thin layers of gravel will form the 
fewer number of mounds, and most 
likely mounds of lesser height. One 
reason is that there is less fine gravel 
to be moved about. In the experi- 
mental tube, gravel of $—} in. was only 
3 in. from the sand, whereas the filter 
beds in the South District Filtration 
Plant have 9} in. of material less than 
4 in. in diameter. 

The experiments on the thin-layer 
gravel beds were backwashing experi- 
ments only. Sand leakage would most 
likely be increased with such thin 
gravel layers, and it would not be ad- 
visable to use very thin layers in a 
large filter. It is known from plant 
experience that the finer layers of 
gravel travel about in the filter bed 
when they are of the usual thickness, 
and the tendency in filter bed design, 
it would seem, should be towards thin- 
ner gravel layers, at least for the two 
top layers. 
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Fig. 11. Bed Expansion of 12 in. 


A backwash rate of 3U gpm/sq ft was required to produce this bed expansion. These 
photographs clearly show the origin of the jet action to be in the gravel. 


a 
Fig. 12. Bed Expansion of 10 in. 


The string represents the original level of the gravel before backwashing. The aver- 
age level after backwashing at this rate was about 2 in. above the string. 
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Thick Layers of Fine Gravel 


The experiments with thin gravel 
layers suggested the need for a few 
tests with thick layers of fine gravel. 
There was evidence of expansion of 
the fine gravel layers after backwash- 
ing a filter, and one purpose of building 
a filter with a thick layer of fine gravel 
was to determine the amount of ex- 
pansion after backwashing. A string 
tied around the filter represented the 
original top of the gravel. 

At a 2-in. bed expansion, gravel ap- 
peared at places about an inch above 
the line at the top of gravel, 2 in. being 
the maximum. Sand jet action was 
limited to several small jets. 

At a 4-in. bed expansion, the gravel 
not in motion was at a lesser height 
than at a 2-in. bed expansion. Sand 
jets were more numerous and at one 
place extended upwards about 10 in. 

At a 6-in. bed expansion, the gravel 
bed at the level where jet action oc- 
curred was only about }$ in. above the 
original height, and was about the 
same all around the filter. Around 
more than half of the filter, the sand 
jets extended upwards for 4-6 in.; 
then there was a layer of a mixture 
of sand and gravel about 2 in. high. 
It appeared to be mostly sand that was 
nearly still. Above this layer was an- 
other ring of jets extending upward 
6-10 in. This most likely would not 
have occurred in a large filter bed. 

At an 8-in. expansion the gravel 
surface of the filter averaged about 
* in. above the original level, with 
more variation in level. Some of the 
sand jets extended upward more than 
12 in. 

The backwashing rate was increased 
to produce a 10-in. expansion. The 
gravel expansion became greater, and 
the top of the gravel more uneven. 
Figure 12 shows the condition at a 
10-in. bed expansion. The gravel sur- 
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face varied from the string (represent- 
ing the original level) to slightly more 
than 2 in. above the string. The aver- 
age level was more than an inch above 
the original. 

At a 12-in. expansion, the level of 
the top gravel was similar to what it 
was at lower backwash rates, and ex- 
tended from the string to about 3 in. 
above. The average level was about 
2 in. above the string. Level vari- 
ations of the gravel layer of only 
6-in. diameter were considerable. The 


gravel would probably pile to greater 
heights in a large filter. The sand jets 
extended upward over 12 in. for the 
longer jets. 


Large Gravel Expansion 

The tests with a 6-in. layer of ;;- to 
4-in. gravel gave strong evidence of 
expansion in the finer gravel layers. 
The fact that at a 12-in. bed expansion 
about 50 per cent of the gravel around 
the periphery averaged 2 in. above the 
original level means that the average 
height over the entire bed must have 
averaged more than an inch, and prob- 
ably at least 14 in. Nearly all of this 
expansion occurred in the 6-in. layer 
of ;;- to 4-in. gravel. If the voids in 
the gravel of this size were 50 per cent, 
they occupied space equivalent to 3 in. 
depth of the 6-in. layer. To increase 
the voids by an inch of additional depth 
would increase the void area by one- 
third. These increases may be quite 
large when in the form of larger chan- 
nels through the gravel. 

A bed of ;s- to 4-in. gravel started 
to expand at about a 35-gpm/sq ft 
backwash rate, and the gravel almost 
expanded just as would sand. At 
places where there was jet action in 
the sand, gravel was picked up rapidly 
in the jets, carried a few inches up- 
ward with the sand and water, and 
deposited at other places in the bed. 
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The amounts of water and sand in any 
jet of more than 2-3 in. height are 
great enough at low backwash rates 
to transport top-layer gravel to other 
places in the bed. The higher back- 
wash rate merely increases the rate of 
transfer. A backwash rate that pro- 
duces real suspension of the gravel in 
the top layer tends to redistribute the 
gravel over the surface. This, how- 
ever, does not prevent gravel mound- 
ing, for the origin of jets is always 
at the surface of the material not in 
motion. 


Two 4}-in. Layers of Gravel 


The next experiment with the 6-in. 
plastic tube filter was to construct a 
bed with a top 44-in. layer of 74- to 
}-in. gravel, and 44 in. of }- to 4-in. 
gravel. At a bed expansion of 2 in. 
there were no sand jets around the 
wall of the filter. 


With a bed expansion of 4 in. there 
were a few jets extending upward sev- 
eral inches. The gravel level remained 
at almost the same level as when 
constructed. 

When backwashed to give a bed 
expansion of 6 in., the gravel remained 


at about the original level. Some sand 
jets originated at the gravel surface, 
and others higher up. 

At a bed expansion of 8 in., the sand 
jets originating at the gravel surface 
were not very numerous and did not 
extend very far upward. Jets origi- 
nating higher up in the bed were more 
numerous and of greater height. The 
gravel still had not expanded an ap- 
preciable amount. 

When backwashed to give a 10-in. 
bed expansion, the gravel expanded 
for the first time, and the expansion 
was not very great. The sand jets 
originating at the gravel surface were 
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more numerous and extended to a 
greater height—about 10-12 in. for 
some of the jets. 

At a 12-in. bed expansion the gravel 
expanded a little more than for 10 in. 
The sand jets rapidly extended 6-8 
in. upward. 

After backwashing at a 14-in. bed 
expansion, there was more mounding 
of the gravel surface than at lower 
rates. There still was not much ex- 
pansion of the gravel. It may be that 
only the ;5- to 4-in. gravel expanded, 
and with only 44 in. of this size the 
gravel expansion should be less than 
for a 6-in. layer. It is possible that 
mounding did take place away from 
the filter wall and could not be 
observed. 

The backwashing tests with two 
44-in. layers of gravel did not show 
as much expansion of the gravel bed 
as expected. There was one difference 
in the bed from the ones used in previ- 
ous tests. The gravel was rescreened 
by hand sieves (7/5 in.). A consid- 
erable amount of the gravel passed 
through the sieve. The 4- to }-in. 
size also was rescreened through the 
l-inch sieve. The sand was taken 
from a new carload shipment recently 
received. All of this may have caused 
the difference from previous tests in 
the expansion of the gravel. 


Additional Backwashing 


One might conclude from the tests 
that two layers of gravel, each 44 in. 
thick for the top sizes of the gravel in 
a filter, is the better gravel grading to 
use. Had the backwashing experi- 
ments been stopped at this series of 
tests, such a conclusion would be justi- 
fied. A little more backwashing, how- 
ever, at a 14-in. expansion, produced 
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considerable permanent expansion of 
the gravel. There was considerable 
expansion of the gravel over the origi- 
nal level—about 4 in. at the highest 
point. Particles of gravel were thrown 
up into the sand by jet action. 

The backwash was cut off, and 
measurements indicated not more than 
}-in. settlement of the gravel, and most 
of the measurements show only about 
4-in. settlement. The number of visi- 
ble grains of sand scattered through 
the gravel was almost alarming. The 
bed was designed to be as free as pos- 
sible of sand, but the sand seemed 
gradually to work its way down 
through the gravel even with no filtra- 
tion. Slow leakage of sand through 
filter beds is more widespread than 
generally believed. Such leakage is 
distinguished from rapid leakage in 
that slow leakage forms no holes in 
the sand. In a filter with approxi- 
mately 1,400 sq ft of filter surface, the 
loss may be about half of a cup, more 
or less, for each filter run. This 
means so little loss that it may well be 
that more is washed over the wash- 
water troughs than through leakage. 


Uneven Gravel Level 


The 6-in. plastic tube filter was 
again examined. It had stood idle 
about one week. The height of the 
gravel above the cord marking its 
original level was 6-in. on the south- 
west side, and 2} in. on the north side. 
The sand was at an elevation 14 in. 
above its original level. If the gravel 
within the bed was the same level as 
that around the wall of the filter, the 
average permanent gravel expansion 
was 4 in. This is evidence that part 
of the coarser material in the sand was 
mixed with the gravel. Even with no 
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mixing, the sand bed surface should 
have been more than 14 in. higher than 
when constructed. The photographs, 
however, do not indicate much mixture 
of the coarse sand with the top layer 
of gravel. 

The encouraging results when the 
filter was first washed to expand the 
bed to 14 in. did not last. With a 


34-in. variation in gravel height in a 
6-in. diameter bed, much greater dif- 
ferences can be expected in larger beds. 


Glass Side Filter 


A small, steel tank filter with one 
glass side was constructed for use at 
the experimental filtration plant in 
1938. The filter is 9 sq ft in area and 
8} ft deep. This unit was transferred 
to the South District Filtration Plant 
when the experimental work was fin- 
ished. It has been used in experi- 
mental work at the South District 
plant. 

When the experiments on backwash- 
ing were started, it was only natural 
that this filter be used, since it is con- 
siderably larger in area than the 6-in. 
plastic pipe filter. Its main disadvan- 
tage is that only one side of the filter 
is glass, and it is necessary to guess 
at what may be taking place on the 
other three sides. Another limitation 
is that the photographs are not clear. 


Heavy Gravel 


Before the backwashing tests were 
started, this filter had been constructed 
with ;—4-in. and 4—}-in. gravel which 
was replaced with a crushed iron ore 
of 3.30 spgr. The angular shape of 
the particles probably nullified some 
of the benefits of a heavier material. 
The iron ore had been in the unit sev- 
eral months before these tests were 
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started. Except for the substitution 
of crushed iron ore for gravel in the 
two top layers, the filter was the same 
as the large filters, as far as the size 
and depth of coarse aggregate layers 
and the depth of sand are concerned. 
The backwash was run continuously 
for 24 hr at each backwash rate. 


Backwash Rates 


When the filter was backwashed at 
a rate to expand the bed 4 in., the dif- 
ference in coarse aggregate level along 
the glass side was 2 in. The amount 


Sand Boil at Filter Surface 


Fig. 13. 


This photograph (flashbulb) was taken 
while the filter was being backwashed at 
a 2-in. sand expansion. The boil ex- 
tended 3-4 in. above the expanded bed. 


of backwashing after the bed was con- 
structed was not known exactly. The 
filter had been used in regular filtra- 
tion experiments for several months. 
The variation in coarse aggregate level 
increased gradually. 

There was almost a continuous line 
of jets along the glass wall; they ex- 
tended upwards about 6 in., with one 
jet extending almost to the sand 
surface. 

At a 6-in. sand expansion, the line 
of sand jets along the glass side was 
continuous. Some of the jets were 
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nearly 12 in. long. Some rapid mo- 
tion of the sand took place near the 
top of the bed. The aggregate had 
built up slightly higher on the left side, 
and was slightly lower on the right 
side, than at 4-in. expansion. 

The filter was backwashed to give 
an 8-in. bed expansion, and the top 
of the aggregate indicated movement 
from the back toward the front. Sand 
jet action occurred over much of the 
glass side, with some of the jets ex- 
tending almost to the top of the bed. 

When the filter was backwashed at 
a rate to give a 9-in. expansion, there 
was a difference in elevation of 7 in. 
within a horizontal distance of about 
14 ft. Most of the side of the bed 
that was visible through the glass was 
streaked or slightly streaked in pic- 
tures taken at a 4-sec exposure. This 
indicates that the velocity of the water 
in the jets was quite high. 

With the backwash rate sufficient 
to give a 12-in. bed expansion, the 
height of the coarse aggregate dimin- 
ished on the left and stayed about the 
same on the right. The difference in 
elevation over the top of the aggregate 
was about 6 in. 

When the filter was backwashed to 
give 15-in. expansion, there was not 
much change in the aggregate level. 
The total variation was about 4 in. 

The use of material of somewhat 
greater specific gravity than gravel is 
apparently not the solution to the prob- 
lem of gravel movement in the filter 
bed. It is of some value, but gravel 
still can be moved about by sand jet 
action. The specific gravity of the 
aggregate would probably have to be 
nearly twice that of gravel to avoid 
motion. There is no possibility of 
being able to acquire such a high- 
specific-gravity material at a price rea- 
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sonable enough for use in large filter 
beds. 


Filter 81 Reconstructed 


Between Nov. 1 and 17, 1957, the 
bed in Filter 81 was reconstructed. 
The high-specific-gravity material was 
removed from the test filter and it 
was made up with gravel and sand of 
the same sizes and depths as the fil- 
ters in the South District Filtration 
Plant. 

At a sand expansion of 2 in., there 
was only one place where a sand jet 


Fig. 14. Sand Being Kicked up Into 
the Water 


The boil at the left rear of the filter was 

not as large as at a 2-in. expansion (this 

picture was taken at an 8-in. expansion). 

A flashbulb was used to catch individual 
sand grains. 


was noticed. The height of the jet 
was about 6 in. Gravel was being 
moved upwards at one place, and there 
was a sand boil in the far back corner 
of the filter. This is shown in Fig. 
13. The filter was being backwashed 
to give a 2-in. bed expansion. The 
boil extended 3-4 in. above the top of 
the expanded bed. 

Figure 14 is a photograph of the 
filter being backwashed to produce an 
8-in. bed expansion. The boil in the 
far back corner was not as high as it 
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had been at a 2-in. bed expansion. 
One characteristic of boils is that sand 
is kicked up into the water a few inches 
above the surface of the expanded bed. 
This phenomenon was observed at 
length and always occurred at the edge 
of a sand jet that extended from the 
gravel to the surface of the expanded 
bed. Such sand jets are commonly 
called “sand boils.” The photographs 
were made with flashbulb exposures 
so as to catch individual sand grains. 
This kicking of loose sand grains up 
above the expanded sand surface is 
the cause of the loss of much sand in 
many filtration plants. Not all sand 
boils will kick sand from the bed into 
the water above. Why the sand leaves 
the boil at some point around the edge 
of the boil is difficult to understand. 
At such places water thrusts upward 
with sufficient force to take with it 
grains of sand. The loose grains of 
sand are detected near the plate glass 
to the right of the boil on the left hand 
side of the filter. 

The upper photograph in Fig. 15 
was taken at a backwash rate sufficient 
to expand the bed 6 in. The photo- 
graph shows the pointed origins of the 
sand jets at the surface of the gravel. 
Note the ridges and valleys in the 
gravel surface. The variation in the 
level of the gravel surface was 3 in. 

The lower photograph of Fig. 15 
was taken with a backwash rate that 
expanded the bed 8 in. Many filtra- 
tion plants backwash filters so as to 
give 25-30 per cent expansion of the 
sand beds. The conditions occurring 
at 6-8 in. expansion of the sand bed 
are therefore typical of what occurs 
in actual practice. In a new, accu- 
rately constructed bed, backwashing 
starts to move the top gravel around 
the first time it is backwashed. In Fig. 
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Bed Expansions 


Backwashing of Glass Side Filter at 6- and 8-in 


Fig. 15. 


Here the 


expansion. 
ridging of the gravel is more clearly shown than on other photographs. 
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lower photograph 


-in. expansion; 
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Upper photograph 
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15, the ridging produced by the sand 
jets is more plainly visible than in some 
of the other photographs. The time 
of exposure in these photographs was 
sec. 

At a 10-in. expansion of the bed, 
the sand jets extend along almost all 
the sides of the filter. The highest 
jet extends upward about 14 in. Also 
there are places in the upper part of 
the bed that indicate rapid motion of 
the sand. 

When the filter was backwashed at 
a rate to give 12-in. expansion of the 
bed, the sand jet action extends across 
the side of the filter bed, and up to 
a height of nearly two feet for the high- 
est. In general, the gravel surface is 
above the original level. There is 
some indication that finer gravel is 
concentrated in parts of the gravel bed, 
and in other parts, particularly under 
the higher sand jets, the gravel seems 
to be of larger size. This would make 
the upward passage of water easier. 
Therein may lie the major cause of 
such large jets. 

A 14-in. sand expansion was the 
maximum that could be produced with 
the backwash piping system. There 
were sand jets along the entire glass 
side, some of which extended upward 
more than 24 in. The backwash rate 
may have been great enough to sus- 
pend some of the gravel. The areas 
of fine gravel concentration seem to 
be cleared of some of the fine gravel 
noticeable at 12 in. expansion. 


Specific Gravity of Sand and Water 
Mixture 


To keep sand particles suspended in 
water, as takes place in backwashing 
of filters, the sand and water act as 
a fluid with specific gravity greater 
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than unity. This can be observed by 
inserting a tube in the filter bed all 
the way to the bottom of the sand. 
If there is 24 in. of sand in the bed 
before the backwash is started, the 
water in the tube will rise above the 
surrounding water, which shows that 
the mixture of sand and water is heav- 
ier than water alone. 

It is assumed that the sand has sp gr 
2.60 (the specific gravity of silica sand 
varies from 2.60 to 2.65), and that 
voids in the sand take up 50 per cent 
of the volume. Generally the voids are 
close to 45 per cent. A cubic foot of 
solid sand without voids at sp gr 2.60 
will weigh 162.5 Ib. If in the form of 
grains, sand is 50 per cent solid, then 
its weight is 81.25 lb/cuft. The 
weight of 0.5 cuft water is 31.25 Ib. 
The sum of the weight of gravel and 
water equals 112.5 lb/cuft. This is 
equivalent to spgr 1.80 for mixture 
of water and sand. If the percentage 
of solid sand is 25, and the percentage 
of water is 75, the specific gravity is 
theoretically 1.40. The fact that the 
mixture is in motion, and probably 
cannot be in uniform motion, explains 
why its specific gravity may vary from 
its theoretical value. 

After a 6-in. expansion of the bed, 
a 24-in. bed then would be 30 in. deep. 
The mixture would be 40 per cent solid 
sand and 60 per cent water. It is easy 
to determine that the specific gravity 
of the expanded sand is 1.64. 

A method has not yet been found 
to test the ratio of sand to water in the 
jets at the boundary between the sand 
and gravel. It would be unlikely for 
the sand to be more than 25 per cent, 
and some of the jets may be only 
10-15 per cent solid sand. 
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The water flows upward through the 
gravel where the jet is taking place, 
and enters the sand at a high velocity 
which has been measured to be in ex- 
cess of a foot per second for some of 
the jets. It produces a mass within 
the jet in the expanded sand bed that 
had a lower specific gravity than the 
surrounding sand and water. Now if 
it can be assumed that the weight of 
the sand and water within the jet is 
considerably less than the weight of 
the expanded sand in the bed, the 
hydraulic conditions produce sufficient 


TABLE 2 
Loss of Head Owing to Friction 


Head Loss—/t 


Backwash 
Rate 
gpm/sq ft | }-4-in. | }-2-in. 
Gravel Gravel 
20 1.34 | 0.55 : 0.25 | 0.10 
30 2.80 | 1.00 | 0.47 | 0.15 
| 


head differential to cause the high jet 
velocity. 


Flow Through Gravel 


For beds of gravel 24 in. deep that 
were backwashed at various rates, the 
friction loss is as shown in Table 2. 
It is evident from the table that it is 
not difficult for water to flow through 
the gravel rapidly enough to supply 
all the water needed for a sand jet. 
evidence indicates that 
the ;;—}-in. and 4—}-in. gravels soon 
become pve and together act as a 
gravel of larger size than the ;—4-in. 
gravel. Much of it is so rearranged 
in a filter bed that the percentage of 
voids is increased, as is evident from 
the expansions found in experiments 
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in glass or plastic side filters. Sand 
mixed with the gravel would increase 
the head loss as shown in Fig. 3. 


Principles of Sand Jet Action 


If all gravel particles were of the 
same diameter, true spheres, and if 
they were placed in a box in regular 
order with one particle directly over 
another, the voids would amount to 
47.5 per cent of the total volume. Ar- 
ranged in the most compact way pos- 
sible, the percentage of voids would be 
somewhat less than this. Gravel par- 
ticles are not true spheres, and there 
is much variation in the diameter for 
a given layer in a filter bed. Generally, 
filter bed gravel is considered to be 
about 50 per cent void. The percent- 
age may be higher if the gravel is 
very irregular. 

For purposes of this discussion a 
void area of 50 per cent is assumed. 
Any disturbance in the gravel, such as 
an excessively high backwash rate, 
turning on the backwash too rapidly, 
or other causes of slight movements 
of the gravel, will keep the gravel 
from settling back compactly. Instead 
of a void area of 50 per cent, it may 
be 60 or higher in the places where 
the gravel has been disturbed, making 
it still easier for localized, rapid flows 
to take place. 

From photographs of the top gravel, 
one would guess that the void area 
was in excess of 60 per cent. In one 
filter bed, backwashed for the first 
time at a rate that produced some 
movement of the gravel, the ;4;—4-in. 
gravel expanded 14 in. in a layer 18 in. 
thick, or 8.33 per cent over the initial 
volume. The voids were 50 per cent 
when the filter was placed in service, 
and after the backwashing they were 
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about 58 per cent. After a prolonged 
backwashing of the filter, some obser- 
vations indicated a 10-15 per cent or 
greater increase in the gravel volume. 
All of this may not represent in- 
crease in void area, for some sand may 
be mixed with the gravel. The obser- 
vations made with glass or plastic filter 
tubes do not indicate that sand is 
mixed with the gravel, but in the large 
filter beds there is mixing in places. 
A bubble of air, turned loose beneath 
the surface of water, quickly makes 
its way to the surface. A mixture of 
water and sand with sp gr 1.2, turned 
loose at the bottom of the sand bed in 
a filter being backwashed with expan- 
sion to give spgr 1.6 to the mass, 
also will move upwards at a velocity 
considerably in excess of the upward 
velocity of the water through the sand 
at other places in the bed. In other 
words, the tendency of lighter masses 
to rise to the surface of a fluid of 
heavier mass is the cause of jets. 
The sand jet has its lowest specific 
gravity and highest velocity just as it 
leaves the gravel not in motion. Be- 
cause no sand has yet been mixed with 
the water, the specific gravity should 
be 1.0 at this time. It strikes the 
sand and particles of small gravel being 
pushed into the area of the sand jet, 
and they are carried upward with the 
jet. The sand jet then strikes the 
more compact sand and water above, 
and its velocity begins to be reduced. 
Small jets with low velocity may ex- 
tend upward only 3-4 in. This is true 
with only a 2-4-in. expansion of the 
sand bed. As expansion is increased 
by higher backwash rates, the jets 
leave the nonmoving gravel at higher 
rates and extend a greater distance 
into the expanded sand, perhaps 6-12 
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in. for sand bed expansions of 6-8 in. 
Some of the sand jets will extend to 
a height less than 6 in., and some may 
extend to a height greater than 12 in. 
Greater expansion of the sand causes 
it to offer less resistance to the upward 
progress of the jet. 

At some initial jet velocity, particles 
of gravel are moved, and these parti- 
cles speed upward until the velocity 
of the sand jet is checked. Then they 
begin to fall. Many of the gravel par- 
ticles fall back into the jet and are 
again carried upward. Gravel parti- 
cles may be carried upward time and 
time again, but some of them are even- 
tually thrown so far away they remain 
wherever they fall, forming a gravel 
mound. Often this process builds up 
mound deposits composed of both 
gravel and sand that offer resistance 
to the upward flow of water. This 
may allow some of the water in the 
expanded material above to flow out, 
thereby increasing the specific gravity 
of the material that is in slow 
motion. 

The movement of gravel in a filter 
bed by jet action is not a rapid process. 
When the filter is backwashed only a 
few particles of gravel are moved from 
the jet region. The next time the 
filter is backwashed a few more are 
moved, and so on. As soon as a gravel 
particle moves out of the influence of 
a jet it begins to descend, settling back 
on the motionless gravel, or sand and 
gravel. Sand jets must be supplied 
with a constant flow of sand. The 
sand, with a few particles of gravel, 
may recirculate three or four times 
during the 3-4-min backwash period. 
A small percentage of the gravel is 
thrown far enough from the place of 
jet action not to be drawn back and 
recirculated. 
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Mounds of mixed sand and gravel 
offer more resistance to the flow of 
water than sand alone, and tend to 
divert the water to places where jets 
are flowing, thereby increasing the size 
of the jets, and often their velocity. 
More and larger stones may then be 
lifted by the jet. In large filters, the 
4-in. gravel particles are moved first; 
then, when this size has been removed 
from the jet area, the jet force usually 
becomes strong enough to lift 4—}-in. 
particles. The time required for going 
through this layer may be several 
years. 

With the two finer sizes of gravel 
removed, the resistance to flow through 
the lower and larger gravel is not so 
great. This also tends to move more 
and larger gravel particles from the 
crater, and causes some of the craters 
to extend into and occasionally through 
the third gravel layer. 

Voids in the +-4-in. gravel are large 
enough to allow leakage of sand. At 
first it usually is slow leakage, and no 
holes develop in the sand bed. The 
gravel may, however, become so re- 
arranged by the rapid jet flow that 
a stream of sand passes downward 
through the gravel, forming a hole 
from the sand surface to the gravel. 
This is called rapid leakage of sand. 

The author did not conduct tests 
with anthracite coal. It should be evi- 
dent that coal would be less likely to 
move gravel particles, though it might 
not prevent its movement entirely. 
Crushed coal is used in a number of 
filters throughout the United States, 
and its use may increase. It has some 
disadvantages as a filtering material 
that will probably prevent its universal 
use. Because of its gradual loss, it will 
no doubt prove to be more expensive 
than sand, even though sand beds have 
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to be rebuilt occasionally. Sand grains 
never wear smaller, whereas coal 
slowly decreases in size if surface 
washing is used. 


Sand Leakage 


In 1953, 6 years after they had been 
placed in service, several of the filters 
in the South District Filtration Plant 
were found to have greater sand loss 
than expected. It was known that 
some of the sand had been lost over 
the wash water troughs during back- 
washing, but there were also indica- 
tions of sand leakage through some of 
the beds. 

Sand leakage can be detected at the 
South District plant, because sand will 
be deposited in the filtered-water basin 
in a manner that shows the filter from 
which it came. Although this deter- 
mination can be made by dewatering 
a basin, such action requires cutting 
off 20 filters, which can be done only 
in two or three of the winter months, 
when the filter runs are longer than 
average. 

Filtered-water basin No. 1, serving 
Filters 1-20, was drained on Dec. 14, 
1953, and inspection of the basin re- 
vealed that some sand had passed 
through three of the filters. The 
amount varied from about a cubic foot 
to 3-4 cu yd of sand for the worst filter. 
Except for Filters 10 and 11, the loss 
of sand was not enough to worry about, 
as far as cost is concerned. The pas- 
sage of sand through a filter bed causes 
more concern because it may start to 
get worse as the years go by. By 
1953 all of the sand beds were exam- 
ined to see if evidence of sand leakage 
could be found. If leakage is bad, 
holes form through the bed and extend 
to the same surface; the best time 
to watch for such conditions is just 
before washing a filter. 
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In the notes on filter operation for 
Jul. 27, 1953, reference is made to an 
examination of the sand surface of 
Filter 71. The notes state that one 
sunken place in the sand was found 
at the back of the filter. This later 
was found to be caused by turning on 
the filter influent too rapidly after 
washing the filter and was not of real 
significance. It did cause more fre- 
quent examination of the filter bed. 
A hole through the sand was found 2 
days later, indicating sand leakage. 
The hole represented the loss of about 
a pint of sand. The sand and gravel 
were removed for a few feet around 
the hole. 

Close to the hole there was a mound 
of gravel which extended upward about 
12 in. above the original gravel level. 
This mound was almost like a chimney, 
6-12 in. or more in diameter. At the 
time it was thought the sand leakage 
was passing through the mound of 
gravel. Later studies have indicated 
that the mound is built up by deposits 
of gravel washed from a place where 
there is sand jet action. Jets that ex- 
tend to the surface of the expanded 
sand bed and form boils are most likely 
to produce gravel mounds. The parti- 
cles of gravel are moved up into the 
expanded bed from the gravel surface 
where the high jets originate, and 
some are deposited along the side of 
the boil. Examination of the bottom 
of this filter failed to reveal a broken 
lateral, or an enlarged hole that might 
cause an unusual boil. The filtering 
material was replaced and the filter 
was put back in service. 


Two Layers of Heavy Material 
Additiona! work was performed on 
Filter 71 in 1955. The sand and the 
two top layers of gravel were removed 
hydraulically and two layers of a 
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crushed black material produced from 
the dust of flue gases of a high- 
pressure boiler plant were added. 
This material has a specific gravity of 
about 3, and has thus far left the sur- 
face at the bottom of the sand in a level 
condition. It is hoped that the heavier 
material will not mound. 

When Filter 41 was probed with 
a stick during backwashing the fine 
gravel was found to have moved 
largely to the east side of the bed. The 
surface of the gravel as constructed 
was at elevation plus 5.3 ft. The ele- 
vations of the gravel at different parts 
of the bed varied. Elevations over 
plus 5.3 ft represent mounding, and 
figures under 5.3 represent places 
where some of the gravel had been 
moved. The gravel was highest along 
the east wall of the filter. Elevation 
6.0 ft, found in several places, is 0.7 ft 
above the constructed level. 

When a sand boil near a filter side- 
wall moves gravel, the gravel which 
falls by the side of the wall is less 
likely to be disturbed in backwashing. 
Mounds that form away from the side- 
wall are more likely to be washed away 
as time passes, particularly in the early 
stages of formation. Only a few 
mounds survive and build up to large 
size. For most of the area of the bed 
of Filter 41, the gravel levels were 
lower, which may have been because 
the probing stick extended below the 
true gravel surface. 

A memorandum of the work on 
Filter 41 states that sand was removed 
from the filter by the laborers by mov- 
ing westward until gravel first oc- 
curred at the plus 5.3 elevation. Pull- 
ing back of sand was stopped and the 
exposed gravel along the east side of 
the filter was removed to the 5.3 eleva- 
tion. The 244 in. of sand was relaid 
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over the gravel. About 15 cuyd of 
gravel (mixed with 30-50 per cent 
sand) was removed from the filter. 
From the probing elevations obtained 


Sand Level 
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there was apparently an easterly shift 
of the gravel, leaving the west side of 
the filter with a large layer of sand and 
a deficient gravel elevation. 


Expanded Sand Level 


25-40% Sand 


Fig. 16. Sand Boil 


The drawing is based upon data gathered from the photographs in the experiments. 
Note the downward motion of the sand directly to the side of the boil. 
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Removal of the mounded gravel re- 
quired about 49 man-days, and cost 
about $700. The removed gravel was 
later sieved and the material stored 
for future use. None of it was re- 
turned to the filter. The filter has 
functioned satisfactorily since removal 
of the mounded gravel. In February, 
1954, a memorandum on the gravel 
levels of the 10 high-rate filters stated 
that Filter 41, which was rebuilt in 
1953, was the most consistent of the 
filters and had the least variation in 
gravel elevation. The high cost of re- 
moving a relatively small amount of 
gravel from a filter and moving the 
sand over about half of the bed area 
made it desirable to install permanent 
equipment for handling sand and 
gravel. 


Filter Bed Conditions in 1947 


Up to the end of 1947 no filter bed 
in the plant had been rebuilt, unless 
Filter 71 could be considered a rebuilt 
bed. Until 1955 there had been no 
damage requiring that this bed be re- 
built. The reason for rebuilding was 
to try a heavier material for the top 
gravel layers. 

Filter 31 developed the first sand 
leakage hole of any consequence in 
September 1957. More than a cubic 
foot of sand passed down through the 
gravel between backwashes. The filter 
was being drained for backwashing 
when the hole was noticed along the 
back wall near the center. The bed 
was not rebuilt because of this hole, 
although the sand and gravel were 
removed for a few feet surrounding it. 
Again, no defect could be found in the 
underdrains, and the only conclusion 
was that the gravel was being moved 
by jet action to a depth that allowed 
sand to pass through the gravel. 
There were several pieces of gravel 
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about an inch in diameter at the bot- 
tom of the crater. 

On Feb. 27, 1958, clear-water basin 
No. 3 was drained. It was inspected 
the following day. A small amount of 
sand had passed through Filters 41 and 
51, probably not more than a cubic 
yard total for the two filters. This is 
a very good record for filters in use 
10.3 yr. 

Inspection of the manifolds of Filters 
1-5 and 11-15 was made on Nov. 18, 
1955, during a period when the back- 
wash line was cut off for insertion of 
a new backwash valve. Filters 2 and 
4 both had about 2 cuft of sand in 
the manifold. About 3 cu yd of sand 
were found in the manifold of Filter 
11. Traces of sand were found in the 
manifolds of Filters 14 and 15. On 
Dec. 15, 1955, inspection was made of 
the manifolds of Filters 6-10 and 
16-20. About 2 cuyd of sand was 
found in the manifold of Filter 10. 

The manifolds of Filters 21-25 and 
31-35 were examined Jan. 31, 1956. 
A large amount of sand (about 10 
cu yd) was found in the manifold of 
Filter 31. 

Filter 71 has shown considerable 
sand leakage. 

More than half of the filters have 
been inspected for sand leakage. It 
has been found in eight’ of the filters. 
It is guessed that perhaps twelve filters 
are leaking sand in various amounts. 
This is not a bad record, and may be 
what can be expected for filters of good 
design. 


Sand Boils 


The author has never seen a filter 
free of sand boils. Two types of boils 
may occur in a filter bed. One takes 
place at the beginning of a backwash 
in which the wash water rushes into 
the filter so rapidly that it lifts the bed 
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of sand and leaves a layer of water 
with very little sand in it just above 
the gravel. This layer of water breaks 
through the bed in places and causes 
large boils before the bed becomes 
expanded. 

The second type of boil is caused by 
the formation of jets of water and sand 
that are of such magnitude and veloc- 
ity that they extend from the gravel 
surface to the surface of the expanded 
bed. Unlike the usual sand jet which 
is an inch or less in diameter and close 
to its point of origin, these jets may 
have a number of points of origin so 
close together that they join to form 
a cylinder of water several inches in 
diameter, with a force large enough 
to rise to the top of the expanded sand. 
The boil may be 4-12 in. or more in 
diameter when it reaches the surface, 
and it will generally occur in the same 


place at each backwashing. Figure 16 
illustrates a jet-formed sand boil. 

A jet is a mixture of sand and water 
traveling upward at a velocity of 


0.3-1.0 fps. The velocity may be 
much greater than 1.0 fps in some sand 
jets, particularly in sand boils. Water 
with no sand passes upward in back- 
washing through the stationary gravel 
and picks up sand at the top of the 
gravel. The partly expanded sand 
tends to squeeze in on the sand jet 
from all sides, but the rapid velocity 
keeps washing away the sand and 
maintains the volume of the jet at 
about the same size throughout back- 
washing. If the sand jet is not of 
sufficient velocity to lift gravel parti- 
cles, then the gravel remains in place. 
This is what should happen, ideally, 
in filter backwashing. 

The head of water required to main- 
tain a sand bed 24 in. deep in partial 
suspension is approximately 1.8 ft, 
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which gives a theoretical velocity head, 
not counting friction losses, of about 
10 fps. Such a force is capable of 
doing great damage’ to a filter bed. 

When the filter bed is first placed 
in operation, the gravel layers are level 
and no boils of the jet type exist. 
Sand jet action takes place in the lower 
part of the sand bed during each back- 
wash period. Some of the jets occur 
at the same point during each back- 
wash; others travel about over the bed, 
some very slowly, others more rapidly. 
Fixed sand jets do most of the damage. 
A jet that extends upward into the 
expanded bed more than 3-4 in. gener- 
ally has a high enough velocity to move 
fine particles of gravel. A few parti- 
cles of gravel are moved at each back- 
wash, and a few of these may fall on 
another part of the gravel surface 
where they do not come under the 
influence of the sand jet at the next 
backwash period. For all sand jets 
having a fixed point of origin, the next 
backwash period moves a few more 
gravel particles, again distributing 
some of them outside of the influence 
of the jet. 

The sand surrounding the jet moves 
toward it and is drawn into it. If sand 
moves upward at the jet locations, it 
must move downward between them; 
otherwise the sand soon would be 
riding on top of a layer of water— 
which cannot happen once the bed be- 
comes expanded. It is estimated that 
the sand occupies 10-15 per cent of 
the volume of the sand and water in 
a sand jet. Where it is falling, the 
sand occupies 25-40 per cent of the 
volume, and probably more than 40 
per cent in a few instances. The mass 
of sand and water at the side of a sand 
jet therefore has a greater specific 
gravity than that within the jet, and 
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this gives the buoyant force that causes 
the rapid velocity of the jet. 

Many sand jets have such a velocity 
that they readily move gravel parti- 
cles. Most of the gravel particles re- 
circulate in the bed, returning with 
the sand to feed the jets. In time—a 
few weeks, months, or years—a hole is 
formed that may extend several inches 
below the original gravel surface. 
There is evidence that in the building 
up deposits of gravel and sand a little 
distance from the location of a sand 
jet the mixture compacts into a mass 
that is not expanded by the backwash. 
Most of the water that should be going 
upward through this deposited mate- 
rial is deflected to areas of lower re- 
sistance. As gravel is washed away 
the flow within the jet tends to in- 
crease, causing it to pick up material 
of still larger size. Little by little the 


hole in the gravel becomes deeper, 
the sand jet larger, and the velocity 


greater. Eventually the rapid velocity 
of the jet (probably less than 10 per 
cent of sand, and a little gravel) forces 
it to the surface of the expanded bed 
and spreads it in a typical boiling ac- 
tion. Jets are not always exactly ver- 
tical, which may throw the gravel a 
greater distance from the crater and 
form larger mounded areas on one side 
of the boil. Often the material from 
a sand boil covers up other areas of 
jet action and makes them inactive. 
This may deflect more water to the 
jet or jets producing the sand _ boil. 
There is evidence that large sand boils 
may be fed by a number of close jets 
acting in unison. 

First the ;4;—}-in. gravel, if used, is 
moved. As the jet becomes more 
forceful, the 4—}-in. gravel is also 
moved. Small sand boils usually are 
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forceful enough to move gravel of 
$+4-in. diameter, whereas larger sand 
boils may move gravel of 4—l-in. di- 
ameter or even larger. Then the sand 
leakage may become so great as partly 
to clog the gravel bed within the area. 

The author has been reminded many 
times by filter operators that gravel of 
about 1-in. diameter often is found on 
top of finer gravel. There is no mass 
movement; the gravel is pushed up- 
ward one particle at a time. How 
to prevent gravel from moving in a 
filter is still the biggest problem in 
the maintenance of filters. 


Condition of Plant Filters 


It was assumed that the worst condi- 
tion would be found in a bed that had 
received a number of backwashes, and 
Filter 10 was therefore selected for 
inspection. Filter 10 was known to 
have passed some sand in its nearby 
11 yr of operation. The filter had been 
used in high-rate tests and had been 
backwashed about 8,000 times. This 
is equivalent to 25-30 years’ use in 
the average filtration plant. After in- 
stallation of the equipment for han- 
dling sand and gravel, the plant was 
anxious to give the equipment a trial. 
Removal of the sand from this filter, 
hydraulically, was started on Dec. 30, 
1957. 

The sand was removed and the 
gravel bed inspected and _photo- 
graphed. The actual pumping time 
was about 8 hr. There were a few 
shut-downs for changes, and declog- 
ging the pipelines. The gravel in the 
back of the filter was not in very bad 
condition, as can be seen in Fig. 17a, 
although there was some mounding, 
particularly in the foreground. The 
large gravel (up to about 14-in. diame- 
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Fig. 17. Filter 10 After Removal of Sand 


The upper photograph is of the back end of the filter, where gravel mounding was 

not very serious. The lower photograph, shows the front end of the filter, where 

there was more mounding. The large mound in the foreground was 12-15 ft long, 
and was probably caused by several large boils. 
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ter) on top of the gravel bed should 
be noted. The bottom of the wash- 
water troughs and the surface wash 
piping are shown in the upper part 
of the photograph. 

The lower part of Fig. 17 shows 
more mounding at the front end of the 
filter. Some sand remained on top of 
the gravel in low places. In a few 
places there was as much as 3 in. of 
sand. The mounds would have ap- 
peared still higher had all of the sand 
been removed. No one was allowed 
to walk on the gravel until it had been 
photographed. A few particles of gravel 
over an inch in diameter appeared at 
the gravel surface. Sand boils were 
the cause of the displacement of large 
gravel particles. 

The large area of mounded gravel 
shown in the foreground was probably 
caused by several large boils, close 
enough together to create one 12-15-ft 
mound. The partly circular mound on 
the right was evidently caused by a 
large sand boil at this location. Ob- 
servation of the backwashing before 
the sand was removed revealed that 
there was a large sand boil at this loca- 
tion. In fact, there were a number of 
boils in the area beyond the long, 
mounded area that is visible in the 
foreground. 

The drawing in Fig. 16 could not 
have been made without evidence such 
as was obtained from Filter 10. 
Ridged or mounded gravel, of course, 
has occurred in filtration plants all 
over the country ever since rapid sand 
filters requiring backwashing began to 
be used. 

For a long time the author thought 
that the movement of large gravel to 
the surface of the gravel bed was 
caused by some unusual disturbance 
that pushed up large quantities of 
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gravel in spots. It was believed that 
this could be prevented in filter beds 
with good underdrainage systems by 
keeping the sand and gravel clean. 
This does help, but it has now been 
revealed that mounding has a different 
cause. 

Gravel mounding is a natural phe- 
nomenon, slow of action, that cannot 
be prevented in any backwash system, 
regardless of how perfect the under- 
drains may be in hydraulic design. It 
is a maintenance problem that filtra- 
tion plants have met in the past by 
occasionally rebuilding filter beds. All 
that can be done in design is to avoid 
conditions that might aggravate the 
trouble. 

One filter operator recently stated 
that he believed the solution to travel- 
ing gravel was to divide the filter bot- 
tom into a number of boxes so the 
gravel would have to stay within a 
limited area. When it is observed 
there is more gravel mounding along 
vertical walls than in the middle of 
filter beds, and that gravel particles 
often shoot upward more than a foot 
into the expanded bed, it is clear that 
the partitions would have to extend 
upward a foot or more into the sand 
bed, and the idea does not seem a solu- 
tion. Partitioning gravel beds has 
been tried in the past, and there must 
be a reason why it has not come into 
general use. 
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Use of Willing Water Cartoon 


The American Water Works Association has registered Willing Water as a 


service mark and copyrighted the cartoon in his various poses to protect him for 


the use of the water works field as “the spirit of water service.” On this basis, 
rights to the use of the cartoon are restricted to avoid any commercial exploita- 
tion, but the members of AWWA are urged to use “Willie” in their public rela- 
tions activities. 


In employing Willing Water, you may use the cuts and mats and other aids 
distributed by AWWA or, if you wish to put him to more specific tasks, you 
may have your own artist redraw “Willie” in your own poses. If you have him 
redrawn, the Association asks only that you recognize both his individuality and 
his legal parentage. Thus, when you entrust him to your own artists, be sure 
that his distinctiveness and simplicity as a character are preserved; that the art 
work is a faithful copy of his basic attributes; and that somewhere, however 
inconspicuous, the letters “AWWA” appear. 

If you will follow these simple rules, there is no need to obtain permission 
for each individual use. Above all, keep Willing Water simple and keep him 
the symbol of water service ! 
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Water tastes best 
when it doesnt! 


ACTIVATED CARBON FOR TASTE AND CONTROL 


When it comes to tastes in their water supply . . . even 
pleasant tastes . . . your community will thank you most 
for what you don't deliver. 


One way to be sure your water is consistently palatable is 
to rely on daily threshold odor tests and AQUA NUCHAR 
activated carbon. By prompt detection and effective con- 
trol, you stop tastes and odors before complaints start. 


To assist you in setting up an economical and efficient 
PALATABILITY program in your plant, call on our ex- 
perienced field technical service. At no obligation to you, 
we will be glad to survey your plant and recommend pro- 
cedures tailored to fit your particular requirements. 


Remember, too, that when you use AQUA NUCHAR you 
can always depend on fast service from warehouse stocks 
located near you. 


Why not phone or write us today? 


division west virginia pulp and paper company 


230 Park Ave., New York 17 - Philddelphia National Bank Bidg., Philadelphia 7 
35 E. Wacker Dr., Chicago 1 - 2775 S. Moreland Bivd., Cleveland 20 
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The meter you 
buy today... 


will it meet | 988 standards? 


When buying new water meters, a most important question of cost 
is: “In 30 years will this meter be scrapped, or will it be rebuilt to 
1988 standards at a fraction of the cost . . . ready for years more 
accurate service?” 


Take a look at the past 30 years. Think how much you're saving 
this year on Trident meters installed back in 1928 .. . or even 30 
- years before that. 


Under Trident’s strict policy of interchangeability, all improved 
parts are designed to fit old Tridents too. These up-to-date Trident 
parts embody every thoroughly tested advancement known to meter- 
ing science. Not only is repairing easy and economical, but also you 
actually modernize your Tridents as you go. 


This has been a rigid Neptune policy for 60 years. Every design 
improvement now on our drawing boards will continue it. It’s your best 
assurance that the Tridents you buy today will stay modern, earning 
maximum revenue for your water system . . . at lowest cost . . . for 


many years to come. = 


NEPTUNE METER COMPANY 
19 West 50th Street * New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Road « Toronto 14, Ontario 
Branch Offices in Principal American and Canadian Cities. 
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HAPPY NEW YEAR, we say, 
with the feeling that it will probably 
be the “water crisis” that makes it 
happy. What crisis? 

The crisis that led the Financial 
Post, Canada’s Wall Street Journal, 
last July to front-page a survey under 
the question, “Is Canada Running 
Short of Water?” 

The crisis that led the Saturday 
Evening Post in the same month to 
editorialize the fact that “Water Con- 
servation Is a Top Concern With 
Many States” 

The crisis that led Congress to au- 
thorize the expenditure of $10,000,000 
on five experimental plant-scale de- 
salinization plants 

The crisis that led Sports Afield to 
devote a considerable part of its July 
issue to a discussion of water rights 
and problems, headed “The Water 
Crisis” 

The crisis that led President Eisen- 
hower, in his August speech to the 
UN, to feature-—and the newspapers 
to headline—the fact that desaliniza- 
tion research has put us on “the thresh- 
old of solution of the world’s water 
shortage” 

The crisis that led the League of 
Women Voters to adopt water re- 
sources as its study project for a sec- 
ond 2-year period 


The crisis that led the American Le- 
gion to feature a frightening “They 
Call It—Drinking Water!” in the Oc- 
tober issue of its magazine, Legion 

The crisis that led Interior Secretary 
Seaton and Health, Education & Wel- 
fare Secretary Flemming to make the 
“ominous water shortage” the major 
point of their recent public statements 

The crisis that led New Jersey 
voters, after more than 25 years of 
ducking the issue, to approve funds for 
additional storage facilities, despite the 
fact that, for the first time in years, 
present reservoirs were brimming 

The crisis that led voters last No- 
vember to approve all bonds for water 
construction projects while they were 
defeating an overall 32 per cent of the 
issues before them. 

It is in the last two of these items, 
of course, that the happiness lies, de- 
spite the fact that, in helping to lead 
up to them, the others may have 
aroused considerable fear and mis- 
understanding. Meanwhile, it appears 
to be true that the media of public in- 
formation are becoming conscious of 
the full significance of water supply 
and water resources problems and are 
taking more pains to put the facts into 
proper focus. Thus, behind the cries 
of crisis, behind the semantics of sen- 
sationalism, the fact that there is no 
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shortage of water, but only of the fa- 
cilities to make it available, usually 
come through. And all that remains 
to bring on not just a happy new year 
but the millennium is for the public to 
appreciate this fact. 

“All the Water You Need, BUT 

. .” is the story. All the water you 
need, but industries and municipalities 
must stop making it unusable with 
their untreated wastes. All the water 
you need, but you must store it when 
it is available for the time when you 
will need it. All the water you need, 
but you must provide the transmission, 


treatment, and distribution facilities to 
make it available in usable form where 
you need it. All of which makes the 
“water crisis” merely a “water cri$i$” 
and your “Happy New Year” as close 
as your public is not! 


Happy Water Works Year it will 
be in Illinois, where Governor Stratton 
has just proclaimed : 


Wuenreas, Fifty years ago next Feb. 
16, a group of 37 water works officials 
in Illinois, meeting with the Illinois State 
Water Survey, by invitation of President 
Edmund J. James of the University of 


Governor Stratton prepares to sign “Water Works Year” procla- 


mation in honor of Illinois Section’s upcoming 50th anniversary. 

Looking on are (left to right): H. H. Gerstein, the Section’s na- 

tional director; W. C. Ackermann, chief of the State Water Sur- 
vey; and T. E. Larson, Section chairman. 


(Continued on page 38 P&R) 
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OVER 500 MUNICIPALITIES USE 
ACCELATOR Treating Plants 


. . . in less space . . . with less cost 


Combining mixing, coagulation and 
solids separation in a single unit, 
“ACCELATOR” plants soften, stabilize and 
clarify water at consistently higher 
rates. This means more capacity from 
smaller units and substantial savings 

in construction and operating costs. 
“ACCELATOR” treating plants produce 
better water with more complete removal 
of bacteria and algae, turbidity, color, 
iron and hardness. Units can be 
engineered for any capacity. Write for 
complete catalog information or see 
your Consulting Engineer. 


Typical cities using “‘ACCELATOR'’ Treating 
Plants include: Barranquilla, Columbia - Benton Harbor, 
Mich, - Casablanca, Morocco - Cairo, Egypt - Charleston, 
W. Va. - Decatur, Ill. - El Centro, Cal. - Fargo, N. D. 
Guadalajara, Mexico - Hamilton, Ohio - Lawton, Okla. 
Sao Paulo, Brazil, S. A. - Wichita Falls, Tex. 


Note circulating 
slurry five feet 
below water 
level, showing 
dynamic 
separation. 


The one compony 
offering equ’ 

for oll types of 
water ond woste 
treotment — 
coagulation, 
precipitation, 
sedimentation, 
filtration, flotation, 


eeration, ion 


exchange ond 
biologico! processes. 


INFILCO INC. 


925 South Campbeli Ave., Tucson, Arizona 
Field offices throughout the United States and in foreign countries 
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Illinois, formally prepared and adopted 
the constitution of the Illinois Water 
Supply Association, and 

Wuereas, This Association affiliated 
with the American Water Works Asso- 
ciation as its Illinois Section in 1914, 
and 

Wuereas, Water works men from 
Illinois have been and are actively and 
conscientiously engaged in developing 
and using advanced knowledge relating 
to water supplies and the conservation 
of water supplies for public use, and 

WuereEAS, These men can be justly 
proud of their contributions toward the 
future of Illinois, and 

WuereEas, These efforts and achieve- 
ments should be a matter of public infor- 
mation for all citizens who enjoy the 
convenience of pure water at their house- 
hold tap, and 

Wuereas, It is a matter of public 
interest for citizens and civic leaders to 
acquaint themselves with and _ support 
planned water works development for 
community growth and well-being, 

Now, therefore, 1, William G. Strat- 
ton, Governor of the State of Illinois, do 
hereby proclaim the year 1959 as Water 
Works Year in Illinois, with appreci- 
ation to all water works men for their 
continuing loyal public service, upon this 
Fiftieth Anniversary date of organization. 


High point of the celebration will no 
doubt be the section’s Fiftieth Anni- 
versary Meeting, to be held at the 
Morrison Hotel in Chicago, Mar. 
11-13, but plans have been made to 
keep the observance going all year 


through local newspaper publicity, 
plant visits, and tie-ins with all proj- 
ects and programs having to do with 
public water supply. 


Having celebrated “Water Works 
Month” in June and November in 
Missouri and West Virginia, respec- 
tively, and now “Water Works Year,” 


we’re looking forward to bigger and 
better celebrations in the future. 
Again, the millennium rears its lovely 
head ! 


Spaeder from Decatur—Harold J. 
Spaeder, that is, from Decatur, Ga.— 
seems to have been 1958’s Anon:most. 
So much so, in fact, that though he was 
to have appeared as ’58’s 58th member 
of Editors Anonymous (see December 
P&R, p. 35), his innominacy was en- 
tirely unintentionally completely pre- 
served. In apologizing now for allow- 
ing him to go scot-free, we salute him 
as an EA’ 


Tank traps are being set again for 
unwary owners of elevated steel water 
storage tanks. Within recent months 
one community in California and an- 
other in Kentucky entered into tank- 
painting agreements which permitted 
the contractor to inspect and make 
necessary repairs to the tank before 
painting. In California a suit resulted ; 
in Kentucky the community was able 
to avoid a repair bill more than six 
times the amount of the painting con- 
tract by calling in an independent in- 
spector, and then was lucky enough to 
find a new painter in a hurry when 
the original crew walked off the job. 
But both the cost of the suit and the 
risk of prolonged loss of storage could 
have been avoided by such precautions 
as preinspection and the separation of 
painting and repair contracts. 

It was to help water works men pro- 
tect themselves in the handling of these 
and other details of painting contracts 
that AWWA more than 10 years ago 
worked out standards for inspecting, 
repairing, painting, and repainting steel 
tanks, standpipes, reservoirs, and ele- 
vated tanks, for water storage (D101 
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HERSEY MANUFACTURING COMPANY 
DEDHAM, MASS. 
NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA - 
: SAN FRANCISCO — LOS ANGELES = 
“YOU CAN'T BUY A BETTER WATER METER THAN HERSEY.” 
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& D102, combined, 50 cents). These 
standards, have already saved tank 
owners millions of rivets, dollars, and 
headaches. If your tank needs paint, 
they’re worth getting before letting. 


A submersible booster pump de- 
signed to operate in a horizontal posi- 
tion within the pipeline itself is being 
marketed by Layne & Bowler Pump 
Co., Los Angeles. Named the “Power- 
Line,” the pump can be suspended 
within a special section of the pipeline 


approved a plan, subject to ratification 
by the stockholders, whereby Allis- 
Chalmers Mfg. Co., Milwaukee, Wis., 
would acquire the assets of Smith in 
exchange for Allis-Chalmers common 
stock. It is the intention of the two 
firms to conclude the transaction as 
soon as possible. 


Walter E. Jessup has retired as 
editor of Civil Engineering, official 
ASCE publication. His successor is 
Hal W. Hunt, who has been executive 


(see cut). This section is flanged at 
each end and becomes an integral part 
of the line. The motor is centered and 
firmly held by special spiders within 
the section. The submersible power 
cable leads to a terminal box mounted 
on the outside of the section and thence 
to a control box. Available in sizes 
designed to operate within pipe from 
8 to 24 in., capacities from 100 to 
4,000 gpm at heads of 50-500 ft are 
claimed for the pump. 


S. Morgan Smith Co., York, Pa., 
announces its board of directors has 


editor since 1957. 


Mr. Jessup has 
been with ASCE for 28 years. He 
was the first editor of Civil Engineer- 
ing (which was established in 1930), 
a post he held until 1935, when he 
became the society’s field secretary. 
He resumed the editorship in 1948, 
after serving in the Army and as west- 
ern representative for ASCE. Mr. 
Hunt has had a wide variety of con- 
struction experience and is a former 


associate editor of Engineering News- 
Record. 
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THE WATER SOFTENING and filtration plant of the 
Metropolitan Water District of Southern California is the larg- 
est ion-exchange water treatment facility in the world. It is 
designed to treat 400 mgd ultimately. 


Continuing tests at the district’s plant and laboratory at La 
Verne, California, show that synthetic organic cation exchange 
resin (zeolite) is the most economical and durable material 
which can be used for softening water. 


The installation contains over 14,000 cubic feet of Duolite 
C-20, a polystyrene cation exchanger made by the Chemical 
Process Company, as well as lesser amounts of comparable 
resins of other manufacturers. 


The Duolite C-20 has been softening Colorado River water 
at La Verne since 1950. In a pilot plant unit, this resin has 
processed over 10 million gallons per cubic foot and still has 
95 percent of its original capacity. The resin beads have re- 
mained clean and clear. 


For further details of these tests and for technical informa- 
tion on Duolite C-20, write for “Durability Test on Water 
Softening Resin” and Duolite Data Leaflet No. 24. 


Tl CHEMICAL PROCESS COMPANY 


REDWOOD CITY, CALIFORNIA 


DEVELOPERS AND MANUFACTURERS OF ION EXCHANGE RESINS SINCE 1939; 
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POPULATION INCREASE, 1955-1970 


Darkest areas represent 
qreatest per cent of increase 


ANTICIPATED WATER PROBLEMS -1970 
3 Slight 
Moderate 
ES cxireme 
Critical 


Population and Water Supply—1970 


The upper map shows the distribution of population in 1970, as 

projected by the US Bureau of the Census; areas with anticipated 

water shortages, as forecast from projections of US Dept. of Com- 

merce and USGS data, are indicated on the lower map. The in- 

formation was compiled by the Population Reference Bureau, 
Washington, D.C. 
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river crossings and other difficult installations 


American 


MOLOX BALL JOINT 
Cast Iron Pipe 


River crossings and other underwater pipe installations present no prob- 
lems when you select American Molox Ball Joint pipe. Its rugged con- 
struction adapts it to a wide variety of installation methods,and once 
laid, the joint remains bottle-tight under pressures up to several hundred 
psi at any angle within the range of liberal deflection it provides. 
Designed to meet the severe requirements of submarine pipe lines, 
American Molox Ball Joint pipe offers all the advantages of high strength 
Mono-Cast cast iron pipe with the socket cast integrally with the pipe, a 
heavy alloy cast steel follower gland for added strength, plus the finest 
bolting of any flexible joint pipe available today . . . using a full set of 
high strength, large diameter, corrosion-resistant American stainless 
steel bolts. 
Compare the special features of American Molox 
Ball Joint pipe with other flexible joint piping. Write now 
for a new 32-page descriptive brochure. See for yourself 
how American Molox Ball Joint pipe has been installed 
under various installation conditions. 


SALES OFFICES 
New York City + Dallas 
Chicago + Kansas City 
San Francisco + Denver 
Pittsburgh + Los Angeles 


CAST IRON PIPE CO. 
BIRMINGHAM 2, ALABAMA 
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ASEIB—the American Sanitary En- 
gineering Intersociety Board—has ac- 
cepted 100 additional engineers for cer- 
tification. All certified engineers auto- 
matically become diplomates in the 
American Academy of Sanitary Engi- 
neers. The total number of diplomates 
is now 979. Of those previously certi- 
fied, 555 were qualified through spe- 
cialization in water supply and waste 
water disposal, 198 in public health, 
31 in industrial hygiene, 10 in air pol- 
lution control, and 5 in radiation hy- 
giene and hazard control. An addi- 
tional 80 had qualified in the general 
field of sanitary engineering. 

At its recent meeting, the board re- 
elected Thomas R. Camp chairman, 
R. E. Lawrence vice-chairman, and 
R. S. Rankin treasurer. Mr. Rankin 


was also elected secretary, replacing 
Francis B. Elder. Reelected as trus- 
tees, with terms expiring in 1961, were 
W. L. Faith, Raymond J. Faust, J. E. 
Kiker Jr., R. S. Rankin, and Clarence 
I. Sterling Jr. B. A. Poole replaced 
W. A. Hardenbergh. Mr. Faust was 
reappointed chairman of the Specialty 
Committee. 

Special action taken included au- 
thorization of publication of the first 
roster of diplomates in January 1959. 
A much debated question regarding 
the specialty listings to appear on cer- 
tificates was resolved by authorizing 
issuance of certificates bearing the 
specialty designation, “sanitary engi- 
neer.” Anyone previously issued a 
certificate showing another specialty 
will be allowed to exchange it free 
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KRUGER 
AUTOMATIC 
CHEMICAL ANALYZER 


is quickly available. 


tween samples. 


liquids and gases. 


P.O. Box 164 


Performs continuous chemical analyses 
by titration or colorimetric methods, 
and presents the data on a recorder. 


By this method chemical analysis data 
In addition the 
data is continuous without gaps be- 


Unitized design makes the analyzer . 
adaptable to a variety of analyses of 


HAROLD KRUGER INSTRUMENTS 


Standard methods may be 
performed with the data in 
normal terms. 


Residual chlorine or chlorine 
demand, acidity, alkalinity, 
hardness, phenol, etc. 


Please send for literature 


San Gabriel, Calif. 
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14 tt iD—and with 80-f spans 


Completed only a few months ago, this 
is believed to be the world’s largest 
above-ground steel pipe line designed 
without a single expansion joint. It 
replaces an old wood-stave tube, piers 
for which are visible in the picture. 
About 3% miles long, the line varies 
from 14 ft ID to nearly 15 ft OD, and 
is of 100 pct welded construction. For 


over one-half its length the pipe spans 
80 ft, center-to-center of ring girder 
supports. 

Located near the town of Hawley, in 
northeastern Pennsylvania, the line sup- 
plies water from Lake Wallenpaupack to 
a Pennsylvania Power & Light Company 
hydro-electric station. The pipe was fab- 
ricated and erected by Bethlehem Steel. 


Would you like to learn more about the construction of this unusual line? We tell the story, 
in words and pictures, in our new 24-page booklet, ‘Building a Giant Water Line.’ A 
free copy is yours for the asking. Send in the coupon, or simply send us a brief card or note. 


Publications Department 
Bethlehem Steel C 
Bethlehem, Pa. 


| 
| 
Please send me a free copy of Booklet 503, | 
“Building a Giant Water Line.” | 

| 

| 


| 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation 
Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM 
STEEL STEEL 
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CONCRETE NEEDS CORROSION 


corrosion of steel reinforcing 
rods is shown in this view of tank 
interior. 


Close-up of pre-stressed tank exterior shows 
large sections of gunite which were forced 
from wall by corroding wires. 
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Case history of sub-surface corrosion 
shows porosity of concrete 


When the Koppers Contract Coat- 
ing Department was called in by an 
East Coast chemical processing firm 
for its recommendations on water- 
proofing sea-water treatment tanks, 
it found the conditions shown on 
the facing page. 

Some tanks, up to 200’ in diame- 
ter, were formed of 16”-thick rein- 
forced concrete. Although various 
coating systems had been tried in 
attempts to stop water migration, 
the concrete was spalled away in 
many areas by sub-surface corrosion 
of reinforcing steel. 

Other tanks of the pre-stressed 
type at this same location were also 
attacked by corrosion in less than 
two years. Pre-stressed wires around 
the tank had failed due to corrosion 


caused by water migration through 
the walls and from the outside, 
through as much as a |” protective 
layer of gunite. 

After repairs to the concrete, the 
walls of the tanks are being coated 
with Bitumastic protective coatings 
by the Koppers Contract Coating 
Department. The proven water- 
proofing ability of coal tar, principal 
ingredient of Bitumastic coatings, 
protects concrete against the pene- 
tration of water and subsequent cor- 
rosion attack on imbedded steel. 
And the thick film characteristics of 
Bitumastic coatings make them 
long-lasting, too. For the tough jobs, 
it pays to specify the unequalled 
corrosion protection of Bitumastic 
protective coatings. 


TAR PRODUCTS DIVISION 
KOPPERS COMPANY, INC. 


Boston « Chicage « Los Angeles « New York « Pittsburgh * Woodward, Ala. 
In Canada: Koppers Products, Ltd., Toronto, Ontario 


a 
KOPPERS 


REG, U.S. PAT. OFF. 


COATINGS AND ENAMELS 
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of charge for one inscribed sanitary 
engineer. 

Letters of commendation were pre- 
pared for two retiring members of the 
board—for Col. Hardenbergh, in rec- 
ognition of his many years of contribu- 
tions culminating in the establishment 
of the ASEIB and the academy; and 
for Mr. Elder, for his work as secre- 
tary during the first 3 years of the 
organization. 


Stranger than friction are its cures, 
it would seem, if the story which re- 
cently appeared in The Extinguisher, 
a fire insurance magazine, has any basis 
in fact. The story, in full: 


A chemical solution said to be capable 
of reducing friction losses in water mains 


is presently undergoing extensive field 
tests in the Victor Village of Stanford, 
N.Y. Minute quantities of the solution 
introduced at any point in a water supply 
system are reported to reduce friction loss 
in pipe and fittings by approximately 85 
per cent. It is reported that the small 
quantity necessary will have no effect on 
the potability of the water supply. 


By whom reported or on what basis 
we have been unable yet to determine. 
The state health department has been 
unable to trace the tester or even his 
last testing place, indicating, only, that 
whatever it is, it’s illegal. The insur- 
ance agency assures us that we have 
all the information it has, but that if 
whatever it is is what it is reported 
to be, it’s welcome. All of which 
leaves us to speculate on whether it 
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W.S.DARLEY & CO. 


MICAGO-12 ILLINOIS 


WRITE TODAY 
For 
100 PAGE CATALOG 


W.S. DARLEY & CO. Chicago 12 


Need More Water Through 
Your Existing Plant? 


Specify— 
WALKING BEAM 
FLOCCULATION 
EQUIPMENT 


Because: 


1. Easily adapts to existing basins of differ- 
ent sizes. 


2. Less retention time required to form 
tough, stable floc. 


3. No underwater maintenance. 


4. No dry well construction. 
Write TODAY for information. 


STUART corporation 


516 N. Charles St., Baltimore I, Md. 


— 

“A 


750,000 galion tank on 120 ft tower. 
Diameter 62 ft. Head range 35 ft. 


Pittsburgh-Des Moines 


“hese fine-appearing PDM Radial Cone Elevated Steel Tanks 
erving the city of Pueblo typify the value, craftsmanship 

nd dependability inherent in Pittsburgh-Des Moines water 
torage units of every type. Full information on the various 
esigns, with tables of capacities and numerous 

hotographs, are presented in our 20-page Ele- 

ated Tank Brochure. Write for your copy. 


1,500,000 gallon capacity tank on 70 ft 
tower. Diameter 88 ft. Head range 35 ft. 


Pittsburgh-Des Moines Steel Company 


Plants at PiTTSBURGH, BALTIMORE, DES MOINES, SANTA CLARA, FRESNO, and STOCKTON, CAL. 


Sales Offices: 

PITTSBURGH (25) 3424 Neville Island DES MOINES (8).................-.925 Tuttle Street 
1721 Military Park Bidg. DALLAS (1).... Praetorian Bidg. 

CHICAGO (3) 628 First National Bank Bldg. SEATTLE (1) .. «++». Suite 332, 500 Wall St. 

EL MONTE, CAL.......... ; P. O. Box 2012 SANTA CLARA, CAL................631 Alviso Road 

ATLANTA (5)............361 E. Paces Ferry Rd., N.E. DENVER (2) ..323 Railway Exchange Bldg. 
BALTIMORE (26) .. Curtis Bay Station 


$ 
} 
ELEVATED STEEL TANKS 


PERCOLATION 


FRE-FLO 


FILTER BOTTOMS 


Cut Your Filtration Costs 


4X SAFETY FACTOR 


Strong . . . practical . . . and rugged. 
Withstands many times the force of the 
severest filter run. Non-corrosive FECO 
filter bottoms are designed and tested to 
withstand a load of 5,000 Ibs. per sq. ft., 
insuring a safety factor of over 4 xX. 
Stable under all conditions. No anchor- 
ing necessary . . . resists six to seven 
times normal force of uplift during back- 
wash. 
Practical design assures constant flow and 
uniform backwash. Scientifically manu- 
factured so that the ports cannot be 
gravel blocked . closed by expansion 
. or enlarged. Departure from tradi- 
tional design substantially reduces labor 
and costs. Field assembly requires about 
five minutes and a screw-driver. 


Write For Literature 


FILTRATION 


EQUIPMENT 


CORPORATION 


271 HOLLENBECK ST. 
ROCHESTER 21, N. Y. 
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is a purgative, a lubricant, or just an- 
other illusion. Whatever it is, it 
should certainly be named “High C’s,” 
which spelled elsewise is probably 
where the inventor is right now. Or 
could he have been the same man as 
invented that new deodorant, “Vanish” 
(rub a little on and you disappear, 
leaving people to wonder where the 
smell comes from)? He might be con- 
ducting “extensive field tests” of that 
simultaneously. At any rate, some- 
thing smells. 

P.S.: Smell will tell—the facts, 
finally unearthed by our friends in the 
Factory Mutual Engineering Div. after 
we had committed ourselves in the 
above terms, are that the story itself 
was a hoax, aimed at measuring reader 
response. Hmmmmmm! 


Clark, Daily & Dietz, consulting 
engineers, announce the addition of 
W. D. Painter as a partner in the firm, 
which has opened a new office in 
Carlyle, Il. 


Walter K. Davies has been ap- 
pointed foreign sales coordinator for 
Neptune Meter Co. and will supervise 
all activities relating to product sales 
outside the United States by Neptune 
and its six subsidiaries. Mr. Davies 
has been with the firm since 1954. 


Weather control, once our favorite 
subject, isn’t really dead—it’s just over 
our head these days. The best—or, at 
least, most understandable—indication 
of its liveness was a comprehensive 
survey of the field in Fortune maga- 
zine last May, wherein not only 
rainmaking and storm suppression, 
but lightning control and long-range 
weather forecasting were discussed, 
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Easy aoes it 
... the Dresser way 


This is a cross on the main intake line at the new Clague Road Filtration Plant, 
Cleveland, Ohio, Designed by Havens and Emerson of Cleveland, the plant will 
have a normal flow of 50-million gpd. Hunkin-Conkey Construction Company is 
the contractor. 


Not only was it the easy way, Dresser Couplings 
were actually the only way to install this steel 
cross on a filtration plant’s main intake line. 
Note how little leeway exists between the valves 
and the pipe flanges. The task of bolting up 
would be impossible if the bolt holes were just 
a fraction out of line, but the Dresser method 
gives you the necessary leeway. Settling con- 
crete could change the valve centers, but the : 
non-rigid Dresser Couplings will take deviation oni 
and remain bottle-tight .. . permanently. When ca the flange bolted, the 
3 resser Coupling will close 
you join pipe the easy way, it’s the least expen- the gap and will absorb any 
sive way ... with Dresser Couplings. expansion—contraction. 


Bradford, 


Pennsylvania 

Chicago 
Houston 
Philadelphia 
New York 
S. San Francisco MANUFACTURING DIVISION 


Toronto & Calgary 
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with the conclusion, “Forecast for 
Weather Control: Brighter.” What 
has kept us still is that so little new 
that even we would be willing to call 
conclusive has been happening since 
we reviewed the use of weather as a 
weapon eight months ago (May 1958 
P&R, p. 44). Since then new radar 
equipment capable of detecting rain- 
drops 50-100 mi up in the sky has 
come upon the scene. The computers 
have been put to work in an effort to 
establish trends and patterns and bases 
and predictability equations from which 
experimental results can be judged 
and new directions of research deter- 
mined. Meanwhile our satellites have 
been signaling back information that 
may directly link solar events to changes 
in our weather and, thereby, presuma- 
bly, start us tinkering with the sun. 
And throughout it all, anti statisticians 
have been laughing at pro statisticians 
and anti meteorologists have been de- 
riding pro meteorologists and anti sci- 
entists have been discrediting pro sci- 
entists until, finding ourself more anti- 
anti than pro-pro, we’ve stepped aside 
to wait and see—the only way to be 
really sure about weather anyway! 
The reason we did bring the subject 
up, though, was to report that Hatfield 
the Rainmaker, the man who was paid 
$1,000 an inch on rainmaking contracts 
in the US and Italy beginning as long 


ago as 1904, died at age 82 early in 
1958 in Pearblossom, Calif., carrying 
with him the secret of how he broke 
the drought in San Diego in 1916 with 
16 in. of rain in a single day, part of 
a storm that poured 40 in. on the area, 
filling the city’s reservoir, knocking out 
two dams, flooding ranches and homes, 
and doing millions of dollars of dam- 
age. Hatfield, as far as we are con- 
cerned, was the real McCoy—a man 
who was seeding the clouds by the use 
of a chemical burner long before most 
of the current crop of seeders were 
even seeds. 

Meanwhile, one further event of pos- 
sible significance in the field was the 
development, by Dr. Florence W. van 
Stratten, a Navy meteorologist, of a 
technique for creating clouds. Hith- 
erto, rainmakers have been hampered 
by the necessity of waiting for clouds 
to seed. Now if Dr. van Stratten’s 


technique of dropping liquid suspen- 
sions of carbon black from a plane can 
indeed create the necessary seedlings, 
we shouldn’t have long to wait to see. 

Forsooth, perhaps for soot if not 
for snow! 


Roberts Filter Mfg. Co., Darby, 
Pa., announces the appointment of 
Jesse W. Roberts as vice-president 
and John W. Burton as general man- 
ager. Both men have been with the 
firm for many years. 
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P. O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


t 
Be 


PRESTRESSED- 
CONCRETE CYLINDER PIPE 


All of the good qualities and characteristics desired by 
water works engineers for permanent water supply 
and transmission lines are embodied in this prestressed pipe 
of advanced design: great strength, sustained high carrying 
capacity, trouble-free service, and unusually long life. 
Prestressed pipe of this type can be designed more accurately, 
predictably and economically for most all conditions of 


Prestressing 
internal pressure and external loads than any other type of machine wraps 
high quality concrete pressure pipe. It is the finest high tensile 
quality pipe available in medium and large diameters for steel wire under 
pressures generally ranging from 100 psi upward. carefully measured 
American is currently undertaking the manufacture of tension around 
this pipe designed for pressures ranging from 275 to 550 ft. pipe core. 


of head for a portion of the U.S. Bureau of Reclamation 
Project being constructed for the Ventura River Municipal 
Water District. This Ventura River Project will serve 

32 square miles of mountainous country with water for 
irrigation, municipal and industrial use in main and 
coastal reaches of Ventura County, California. 

When planning your future water “growth lines?’ look to 
American’s quality pipe line products, extensive 
production facilities and half century of experience. 


LOS ANGELES: 4635 Firestone Bivd., South Gate, Calif. 
LOrain 4-2511 

HAYWARD: P.O. Box 630-—JEfferson 7-2072 

SAN DIEGO: P.O. Box 13—CYpress 6-6166 

PHOENIX: 2025 South 7th St.—AlLpine 2-1413 

PORTLAND: 518 N.E. Columbia Bivd.— BUtier 5.2531 


CONCRETE PIPE FOR MAIN WATER SUPPLY LINES, STORM AND SANITARY SEWERS, SUBAQUEOUS LINES 


4 
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ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. BE. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 


Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 
Cumton L. Bogert Frep 8. 
Ivan L. Bocert Donatp M. Ditmars 
Ropert A. Lincotn CHARLES A. MANGANARO 
Martin 


Water & Sewage Works Refuse Disposal 
Drainage Flood Control 


nag 
Highways and Bridges Airfields 
145 Bast 32nd Street, New York 16, N. Y. 


AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 


Send for list of publications. 


American Water Works Association, Inc. 
2 Park Avenue New York 16, N.Y. 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes—Refuse 
Disposal— Municipal! Projects 
Industrial Buildings— Reports 
Plans—Specifications 
Supervision of Construction 
and Operation—Valuations 

boratory Service 


75 West Street New York 6, N.Y. 
r wa 
AYRES, LEWIS, NORRIS & MAY | Brockway, Weber & Brockway 
Consulting Engineers Engineers, Sucorporated 
- George S. Brockway Roy E. Weber 
Louis E. AYRes Ropert Norris George R. kway 
Georce E. Lewis Donatp C. May Staff 
Stuart B. Maynarp Homer J. Haywarp H. L. Fitzgerald T. A Clark B. E. Whittington 
. C. A. Anderson R. E. Owen John Adair, Jr. 
Waterworks, Sewerage, Electric Power T. R. Demery 


500 Wolverine Building, Ann Arbor, Michigan 


Civil, Structural, Sanitary, Municipal, Electrical 
West Palm Beach, Florida 


BLACK & VEATCH 


1500 Meadow Lake Parkway, 
Kansas City 14, Missouri 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BROWN AND CALDWELL 


Civil and Chemical Engineers 


Water—Sewage—Industrial Waste 
Consultation— Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 
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Professional Services 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Warer Suppty—Sewace Disposat— 
Hypravutic DEVELOPMENTS 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 
WATER WORKS—SEWAGE DISPOSAL— 
AIRPORTS — DAMS — BRIDGES— ROADS 
AND STREETS 
Investigations, Reports, Appraisals, Rates, 
Survey and Design, Construction Supervision 


Dillsburg, Pa. 
Rochester, N. Y. Washington, D.C. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations— Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


BURNS & McDONNELL CHAS. W. COLE & SON 
Engineers—Architects—Consultants Engineers— Architects 
Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 
Kansas City, Mo. Phone South Bend, Indiana 
P.O. Box 7088 DElmar 3-4375 East Lansing, Mich. Joliet, Ill. 
T 
JAMES M. CAIRD CONSOER, TOWNSEND 
Established 1898 & ASSOCIATES 
C. E. Currron, H. A. Benner Water Supply—Sewerage 
Chemist and Bacteriologist Flood Control & Drainage—Bridges 
WATER ANALYSIS | Ornamental Street Lighting— Paving 
TESTS OF FILTER PLANTS Light & Power Plants—Appraisals 
Cannon Bidg. Troy, N. Y. 360 E. Grand Ave. Chicago 11 


| DE LEUW, CATHER & COMPANY 


Consulting Engineers 
Public Transit Subways 
Traffic & Parking Railroad Facilities 


Express ways Industrial Plants 
Grade Separations Municipal Works 
Urban Renewal Port Development 


150 N. Wacker Drive, Chicago 6 
San Francisco Toronto Oklahoma City 


| 
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Professional Seruices 


ENGINEERING 
DEVELOPMENT CO. 
J. O. Jackson, Chief Engineer 


Elevated Ree and Standpipe Design 
Foundation Design 
Weldin, and Investigations 
Painting Speci ation and Compliance 


Telephone Amherst 4-5593 
P. O. Box 249 Coraopolis, Pa. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads— Airports— Bridges— Flood Control 
Town Planning—Appraisals 
Investigations & Reports 

Pittsburgh, P Daytona Beach, Fla. 


Fay, Spofford & Thorndike, Inc. 


Engineers 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 
Airports — Bridges — Express Highways 


Investigations Reports Valuations 
Designs Supervision of Construction 


Boston, Massachusetts 


GERAGHTY, MILLER & 
HICKOK 
Consulting Ground-Water Geologists 


Location and Evaluation of Industrial 
and Municipal Ground-Water Supplies 


Recommendations for the Solution of 
Ground-Water Problems 


110 East 42nd St. 


Phone 
New York 17, N.Y. OXford 7-5448 


FINKBEINER, PETTIS & STROUT 


Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


FREESE & NICHOLS 


Fort Worth, Texas 


FREESE, NICHOLS & TURNER 


Houston, Texas 


and Municipal Engineering—Water 

upply and Purification—Sewerage and Indus- 
pas Waste aye and Struc- 
tures — ms — Drainage Works — Airports— 
Investigations— Valuation—Design and Super- 
vision. 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 


Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th St. 
Austin 1, Texas 
Phone: GR-7-7165 


FROMHERZ ENGINEERS 


Structural—Civil—Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage ; Structures ; 

rainage ; Foundations 
Highways & Streets 
Investigations; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


FRANK E. HARLEY, C. E. 


Consulting Engineer 


Water Supplies, Highways 
Municipal Problems 


260 Godwin Ave. 
Wyckoff, N.J. 
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HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


& Industrial Wastes— 

ydraulics 

Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


Professional 
Senices 


HAVENS & EMERSON 
A. A. Burcer 
J. W. Avery H. H. Mose.iey 
F. 8. Patocsay E. 8. Onpway 
F. C. Consultant 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 


Woolworth Bidg. 


Leader Bidg. 
CLEVELAND 14 NEW YORK 7 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


810 S. Clinton St. 
Chicago 7, Ill. 
and Principal Mfg. Centers 


HAZEN AND SAWYER 


Engineers 
Richard Hazen Alfred W. Sawyer 
H. E. H n, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


122 East 42nd Street 3333 Book Bidg. 
New York 17, N.Y. Detroit 26, Mich. 


C. E. JACOB 


Groundwater Consultant 


Water Supply, Drainage, Dewatering, 
Subsidence, Salt-Water Control, 
Statistical Hydrology, 

Digital and Analog Computation 


P. O. Box 347 Northridge, Calif. 
Cable JACOBWELL Los Angeles 
Dickens 5-4990 


ANGUS D. HENDERSON 


Consulting Engineer 
Water Supply and Sanitation 


330 Winthrop St. 
210-07—29th Ave. 


Westbury, New York 
Bayside, New York 


THE JENNINGS-LAWRENCE CO. 


Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


H. G. Holzmacher & Associates 
Consulting Engineers 
H. G. Hotzmacuer 
R. G. HotzMacuEeR 8. C. McLenpon 
Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 
Water Analysis Laboratory 


66 W. Marie Street, Hicksville, L. I., New York 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. Bloss V. C. Lischer 
Airports—Sewerage—Sewerage Treatment—In- 
dustrial Waste Control—Hydraulic Engineering 
—Hydrology—lIndustry Engineering Services— 
Water Supply and Treatment— 
Structural Engineering 


Shell Building St. Louis 3, Mo. 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical— Corrosion 


Investigations—Reports—Advisory Service 
Mobile radio communication systems; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1718 Livonia Avenue Los Angeles 35, Calif. 
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ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricwarp R. Kennepy Rosert M. Kennepy 
Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Water Supply Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 


DEAN S. KINGMAN 


Consulting Engineer 


Water Works 
Sewerage & Treatment 


153 University Avenue 
Palo Alto, California 


JOHN F. MANN, JR. 
AND ASSOCIATES 
Consulting Groundwater Geologists 


Investigations, Reports, Advice 
on Underground Water Supplies 


945 Reposado Drive La Habra, Calif. 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


JAMES M. MONTGOMERY 


Consulting Engineer 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations—Rates 
Investigations— Design—Operation 
535 E. Walnut St. Pasadena, Calif. 


R. E. LAYTON & ASSOCIATES 
Consulting Engineers 


Hydraulic Structures 
mestic Waste Disposal— 
Drainage 
Reports, Plans, and 
Specifications 


655 West Avenue 135th 
San Leandro, California 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 
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THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows—Analysis 

Construction Control—Soil—Concrete 

Bituminous Pav ts—Water Waste Survey 
Specifications—Consultations 


4120 Airport Rd. Cincinnati 26, Ohio 


Professional 
Senices 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
165 Broadway New York 6, N.Y. 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 
MOnt Haven 5-2424 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcoim Prrnie Ernest W. 
Rosert D. Cari A. ARENANDER 
Prente, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 36, N. Y. 


RIPPLE & HOWE, INC. 


Consulting Engineers 
V. A. VasEEN B. V. Howe 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833—23rd St., Denver 5, Colo. 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


ROBINSON & ROBERTS 


Northwest's Pioneer 
Consulting Ground- Water Geologists 
Scientific Well Design 
Water Supply Problems 
Surveys & Reports 
Drainage Problems 
4603 South J Street Phone: GReenfield 4-6631 


Tacoma 8, Washington If no ans. call: 
WaAverly 2-8188 


Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes ; Investigations 
& Reports; Design; Supervision o' 
Construction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


RADER AND ASSOCIATES 
Engineers and Architects 


Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 

Supervision o Construction and Operations 


111 N. E. 2nd Ave., Miami 32, Florida 
1025 Connecticut Ave. N. W. 


J. HOMER SANFORD 


Consulting Engineer—Hydrologist 
38 Years of Groundwater Investigation 
Groundwater Development, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 


1143 B. Jersey Street Blizabeth 4, N. J. 
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J. E. SIRRINE COMPANY 


Engineers 
Greenville, South Carolina 


Design, Reports, Consultations 
Water Supply and Treatment 


“\. Sewage and Industrial Waste Treatment 
Stream Pollution Surveys 


R. KENNETH WEEKS 


ENGINEERS 
Designers ° Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Water—Sewage—Industrial Wastes 
Stream pollution —Air pollution 


Surveys —Research— Development— Process 
Engineering — Plans and Specifications— 
Operation Supervision— Analyses — 
Evaluations and Reports 


Newtown Square, Pa. 


STANLEY ENGINEERING 


COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 


1154 Hanna Building 
Cleveland, Ohio 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—lIndustria! Buildings 
Studies—Surveys— Reports 


245 N. High St. 2060 E. 9th St. 
Columbus, Ohio Cleveland, Ohio 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WATER SERVICE 
LABORATORIES, INC. 
Chemical Engineers 
Specialists in Water Treatment 
Consulting and Technical Services 


Main Office: 615 W. 131 St., N. Y. 27, N. Y. 
Offices also in: Phila., Wash., & 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical— Electrical 


Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


J. STEPHEN WATKINS 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage an " Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and te Structures. 


446 East High —, Lexi , K ky 
ranch Offices 
5402 Preston wae Louisville 13, Kentucky 
107 Hale Street, Charleston, W. Va. 


WILSEY & HAM 


Engineers 


Investigation and Design 
Water Supply, Treatment and Distribution 
Sewage Treatment and Disposal 
Municipal Works and City Planning 


111 Rollins Road Millbrae, California 
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Fabricator Frank Says --- AAOQRGAN NOW HAS SPINNING 
FACILITIES FOR UNDERGROUND WATER PIPE 


Morgan Steel Products, Inc., famous for 25 years for solving large 
scale fabrication problems, has become equally well-known for 
specialized work in pipe construction. To meet the need of pro- 
tective coating for this work, Morgan installed the complex 
operation described below. 


The inner surface of all water pipes must have a 
tasteless, odorless and perpetual lining to con- 
form to sanitation codes. A specially prepared 
tar-base formula is evenly deposited inside as a 
railed carriage proceeds into the massive pipe, 
which is rapidly rotated. 


Note how centrifugal force has deposited an even 
coating, making a mirror-like finish. This gives the 
distinct advantage of maintaining the highest 
possible flow coefficient. The nature of the coal 
tar lining itself prevents tuberculation. 


Overlapping layers of heavy asbestos felt wrap- 
ping are firmly bonded to or imbedded in an 
enamel coating. This provides a shielding and 
reinforcing agent for the outside coating which 
has been previously applied. 


After coating, the entire interior and exterior sur- 
faces are inspected by an electrical flaw detector 
of approximately 8,000 to 10,000 volts at low 
amperage. The detector passes over the surface 
and reveals any defects or holidays which are 
then marked and repaired. 


The final process is application of whitewash 
which is applied only to the exterior surface to 
protect the enamel against hot sun exposure. 

SEND FOR OUR FREE BROCHURE ON 
FABRICATING METHODS... IT 
MAY SAVE YOU MONEY! 


roducts, Inc. 
—USTOM STEEL FABRICATORS 


Working GF ferrous Glicy... ODD AND LARGE SIZE PIPE... BINS... 
TAMERS ... SMOKESTACKS ... HOPPERS... BREECHINGS 


MORG; WE CLEVELAND 27, OHIO + Michigan 
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Condensation 


CONDENSATION 


Vol. 51, No.1 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


FOREIGN WATER SUPPLIES 
—GENERAL 


Planning of Large-Scale Water Supplies 
in Austria. H. Surirscu. Ost. Wasserw. 
(Vienna), 8:81 (’56). Rainfall records and 
records of flow of Danube at Vienna from ’01 
to ’50 show no decrease in available water. 
Demand, however, has greatly increased ow- 
ing to growth of pop. and industry and in- 
creased individual demand. Diagram show- 
ing increases in pop. and demand in Vienna, 
Graz, and Linz is given. Author then dis- 
cusses distr. of pop. and of sources of water 
supply in Austria and possible development 
of water works serving several communities 
or large dists. There are, in Austria, 30 
plants serving 2 or more communities. Geo- 
graphical and economic considerations affect- 
ing development of such supplies are consid- 
ered and importance of large-scale planning 
and cooperation is emphasized —WPA 


Some Recent Works in Baghdad. G. 
Smetuurst. J. Inst. Water Engrs. (Lon- 
don), 10:123 (’56). General description of 
Iraq is given, followed by historical account 
of development of Baghdad, special atten- 
tion being paid to water supply of city. 
Baghdad District Water Board was formed 
in ’23 to modernize water supply system, 
but it was not until ’48 that city could be 
said to have adequate water supply. In 
most parts of Iraq, ground water is present 
but contains high concns. of sulfate, while 
in Baghdad itself it is pold. by leakage from 
50,000 cesspools, as city has, as yet, no 
sewerage system. River water is, therefore, 
used as source of water supply. In ’48, 
board had 3 water treatment plants situated 
at Sarrafiyah, Kerrada, and Shalchiyah, with 
capacs. of 12, 3, and 3 mgd resp. Owing to 
growth of city, it was decided that Kerrada 
and Shalchiyah plants should be extended, 
former to capac. of 6 mgd, and latter to 13 


mgd. Detailed descriptions of both plants 
and their construction are given. At Ker- 
rada plant, water is treated by addn. of sul- 
fate of alumina, primary and secondary sedi- 
mentation, filtration through horizontal rapid 
pressure filters, and chlorination. Dose of 
0.5 ppm chlorine is used. At Shalchiyah 
plant, treatment comprises addn. of alu- 
minium sulfate, primary and secondary sedi- 
mentation in horizontal-flow tanks, and fil- 
tration. Flow diagrams for both plants are 
included. Further work has also been car- 
ried out in areas outside Baghdad on filters 
to provide local water supplies for drinking 
purposes and swimming pools, on constr. of 
floating water works, and on constr. of water 
supply system for Dujaila village. Article 
includes many photographs and diagrams 
and details of costs of constr. of projects 
described, and is concluded by discussion. 


—WPA 


A Survey of Additional Sources of Sup- 
ply for Liverpool. J. Br. W. W. Assn. 
(Br.), 38:101 ('56). Survey is given of need 
for addnl. sources of water supply for Liver- 
pool, of various alternatives which have been 
considered and, finally, recommendations 
adopted by Liverpool Corp. Water Com- 
mittee in order to solve problem. Statis- 
tics are given which show that in yr ended 
Mar. 31, ’55, demands for water were met 
by drawing from Rivington works supplies 
in excess of reliable yield. To augment sup- 
plies consideration has been given to possible 
sources in N. Wales and Lake Dist., and 
prospect of bulk supply from Manchester 
Corp. In order to meet immediate needs 
it is proposed to seek approval to reduc- 
tion of compensation waters from Vyrnwy 
and Rivington works, and to obtain bulk 
supply—at present not available—from Man- 
chester in 2 or 3 yr. It is anticipated that 
these increments will be fully utilized in 
about 8 yr when addnl. supply will become 
available from recommended Tryweryn, N. 


(Continued on page 64 P&R) 
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Four 12” influent, pneumatically- 

Chemical _- Operated R-S Butterfly Vaives 

Feed Guliding ,“ modulated from water surface 
Ig on filter bed. 


Four 12” effluent, pneumatically- 
operated R-S Butterfly Vaives 
H operated by rate-of-flow con- 
‘ trollers from water surface in 
reservoir. 


18" R-S 


wash drain valve 


12° R-S 
valves wash right 
and wash left 


12° R-S 
wash control vaive 


Plant from sketches by Dale H. Rea, 
designer of the 


R-S Butterfly Valves used 
exclusively at Durango, Colorado, 


TO GIVE CLOSE FLOW CONTROL 


Durango, Colorado’s 8.7 mgd water treatment plant operates 
automatically. But accurate flow control is necessary in 
this gravity system if the proper rate of flow in the treatment 
process is to be maintained. R-S Rubber-Seated Butterfly 
Valves were chosen to do this job. Their angle seating pro- 
vides more desirable control characteristics. It means more 
precise regulation over a greater range than is available with 
90° seated valves. 25 R-S Rubber-Seated Butterfly Valves, 
ranging from 12” to 18” in size, are installed here. 


To obtain full information on the full SMS line — Butterfly 
Valves, Rotovalves and Ball Valves—contact our nearest 
representative or write S. Morgan Smith Co., York, Penna. 


RGAN HYDRODYNAMICS 3 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovaives Ball Vaives R-S Butterfly Valves Free-Discharge 
Vaives +* Liquid Heaters * Pumps «+ Hydraulic Turbines & Accessories 


765 MG. Reservoir 
\ 3 
\ am 
= 
> 12° R-S 
influent valve Claritier 
P ' Clear Water 
: 10” rate-of-flow controller 
; 
12” R-S.-” 
= effluent valve Supply Mains 
to Town 
Consulting Engines, 
Consulting Engineer, 
4 
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AWWA Manual Series 


Do you have all three of these useful guides, each dealing comprehen- 
sively with an important aspect of water works practice? Published in 
handy 6 X 9-inch format, attractively bound in distinctive, stiff-paper covers. 


M1—WATER RATES Procedures for determining desirable amounts of 


revenue, classifying costs, allocating expense, and 
setting up schedules. Appendixes include classic papers on rates and 
charges. 64 pp. Price, $1.25; to members paying in advance, $1.00. 


M2—PUBLIC RELATIONS Practical, “how to do it” information on effec- 


tive talks, personnel relations, school pro- 
grams, publicity, advertising, and plant beautification. With an appendix 
of facts and ideas for water works speakers. 152 pp. Price, $1.50; to 
members paying in advance, $1.20. 


The details—in words and pictures—on safety measures 
M3—SAFETY and practice for every phase of water works operation in 
plant, office, and field. Indexed for ready reference. 128 pp. Price, $1.50; 
to members paying in advance, $1.20; to members ordering quantities of 25 
or more, $1.00 per copy. 


American Water Works Assn., 2 Park Ave., New York 16, N.Y. 


On Call... 
fo tell your stery for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
... to your personnel. You'll find him 
a master of the art of putting across 
your ideas .. . of soliciting co-operation 
... of establishing good will. Call him 
up... put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports . . . you’ll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, in different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue - New York 16, New York 


: 
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Wales, scheme with yield of 70-80 mgd.— 
WPA 


The Problem of the Water Supply of 
Built-Up Areas in Morocco Under French 
Protectorate. Karst. Aqua, 4:6 (’56). 
Central planning of water supply system is 
necessary in Morocco for financial and tech- 
nical reasons. New schemes take acct. of 
increasing pop. and need to raise present low 
rate of supply per person. In ’54, tot. of 
18 bil gal of water was supplied for pop. of 
about 2,000,000 people. Progress has been 
made possible by technical advances in de- 
sign of mains, pumps, valves, and reservoirs, 
and in purification of water. Recent work 
includes increased water supplies for Casa- 
blanca from Oum-er-Rebia, for Safi from 
Ain-Rhor and Ain R/Tem, and for Meknes 
from the Ain Bittit and Ain Ribaa. New 
catchment areas at Sidi Taibi and Si Ahmed 
Thaleb have increased Fouarat supply, dam 
has been built on Wadi Zamrine to supply 
Khouribga, and wells have been provided for 


Djerada and Marrakech. Acct. is given 
of water supply systems developed in Mo- 
rocco from Roman times up to time of 
arrival of French—WPA 


General Water Supply Planning for the 
Rio Dulce (Arg.). F. M. Kuper. Wasser- 
wirtschaft (Stuttgart), 47:86 (’57). Author 
gives illustrated description of water sup- 
ply conditions in N. Arg., especially drain- 
age area and valley of R. Dulce. Area 
is subtropical, rainfall is concd. in 3 summer 
mos., there are frequent dry yr, and much 
potentially valuable agricultural land is wasted 
for lack of water. Problems include stor- 
age of summer rainfall and equilization of 
flow over wet and dry yr. Investigations 
made and work done and planned are de- 
scribed—_W PA 


Rod el Farag Water Works for Nile Wa- 
ter Treatment. H. Suterman. Aqua, 3:3 
(56). Author describes treatment of water 
from R. Nile at Rod el Farag water works, 
Egypt. Nile shows abundance of diatoms 


(Continued on page 66 P&R) 


Economical, Trouble Free 


Reduce your water treatment prob- 
lems to a minimum with Ferri-Floc— 
the superior Coagulant — Ferri-Floc 
is a free flowing granular salt that 
can be fed through mos? standard 
dry feed equipment — It is easy to 
handle and can be stored in closed 
hoppers over long periods of time. 


WATER TREATMENT 

Efficient Coagulation of Surface or 
Well Water — Effective in lime-soda 
ash softening — Adaptable in treat- 
ment of all industrial applications. 
SEWAGE TREATMENT 
Coagulates over wide pH ranges 


and provides efficient operation re- 
gardless of rapid variations of raw 


= sewage — Very effective for condi- 
tioning sludge prior to vacuum fil- 


FERRIC 


tration or drying on beds. 
09 
COPPER SULFATE sofely controls 


about 90% of microorganism nor- 
mally encountered in water treat- 


SULFATE 


FREE BOOKLET — Let us send you 
free a 38 page booklet that deals 


specifically with all phases of 


coagulation. 


TENNESSEE CORPORATION 


TENNESSEE CORPORATION 


ment plants efficiently and more 
economically than any other 
chemical. 


SULFUR DIOXIDE is used most 
effectively for dechlorination in 
water treatment and to remove ob- 


odors ining after 


lecti bl, 


purification. 


600000606 


ferri- — 
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AWWA Manual Series 


Do you have all three of these useful guides, each dealing comprehen- 
sively with an important aspect of water works practice? Published in 
handy 6 X 9-inch format, attractively bound in distinctive, stiff-paper covers. 


Ww Procedures for determining desirable amounts of 
M1 ATER RATES revenue, classifying costs, allocating expense, and 
setting up schedules. Appendixes include classic papers on rates and 
charges. 64 pp. Price, $1.25; to members paying in advance, $1.00. 


M2—PUBLIC RELATIONS Practical, “how to do it” information on effec- 


tive talks, personnel relations, school pro- 
grams, publicity, advertising, and plant beautification. With an appendix 
of facts and ideas for water works speakers. 152 pp. Price, $1.50; to 
members paying in advance, $1.20. 


The details—in words and pictures—on safety measures 
M3—SAFETY and practice for every phase of water works operation in 
plant, office, and field. Indexed for ready reference. 128 pp. Price, $1.50; 
to members paying in advance, $1.20; to members ordering quantities of 25 
or more, $1.00 per copy. 


American Water Works Assn., 2 Park Ave., New York 16, N.Y. 


On Call... 
fo tell your story for you! 


Willing Water wants work on or as 
your public relations staff. Let him 
be your spokesman to your customers 
... to your personnel. You'll find him 
a master of the art of putting across 
your ideas .. . of soliciting co-operation 
... of establishing good will. Call him 
up... put him to work on your public- 
ity, your signs, your bulletins, your 
bills, your reports . . . you'll find him 
ready, able and, of course, willing. 

Low-cost blocked electrotypes or 
newspaper mats, in different poses, 
are immediately available to you. 
Write now for a catalog and price 
list to: 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue’ - New York 16, New York 
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APPR ° E Qn for 2-3 wk in Feb., Mar., or Apr. These 


by UNDERWRITERS’ Lapenarenes, Inc. are odorless. In Jun. and Jul., large num- 
bers of Anaboena and Spirogyra appear; 
these have unpleasant odor and cause muddy 
taste in water. During flood period in 
Sep., turbidity of water is increased greatly 
by suspended particles of argillaceous mat- 
ter and by increase in colloidal matter. 
Water works consists of 2 sections. South 
section comprises 13 sedimentation tanks, 
and north section 3 clarifiers. Aluminium 
sulfate is used as coagulant and, during pe- 
riods of high turbidity, lime is also added. 


—WPA 


Woodland and Water Supply in the Ruhr 
District. E. Gas- u. Wasser- 
| fach (Munich), 97:489 (’56). Brief report 
| is given of results of observations at 7 sta- 


d. servations reported cover 
WRITERS’ LABORATO- yr (51-53): work is being continued and 
RIES, INC., AND ASSO- | full acct. will be published. Figures are 
CIATED FACTORY MU- | given and discussed for rainfall, runoff, 


TUAL FIRE INSURANCE stream flow, seepage, and effects of dry 


COMPANIES | periods, retention, and flow-off of seepage 


| water, melting snow, variations in temp., 


FIRE HYDRANTS | condition of soil, and formation of drainage 


area are discussed.—W PA 


No. 74 & No. 76 California Type 
Wet Barrel Double Hydrant (for 
Corporation of Weston-super-Mare Water 
let; imtegrai curved deflector | Undertaking. J. Br. W. W. Assn., 39: 
head: full 614” Since '23, principal source of 
cade” Dry Barrel hydrants are water for Weston-super-Mare has been 
available for freezing climates. Banwell spring. In summer, to meet in- 
We manufacture a complete line | creased demand during holiday season, this 
| was augmented with water from shallow 
clalties, plaques, letters and well, original source of supply. This water 
hardware. Write for our catalog. is, however, very hard. Neither of these 
sources requires treatment other than disin- 
Serving American Water Works fection. Peak holiday demand in summer is 
Founded 1854 | 24 mgd and, as result of falling yield of Ban- 
well spring, this could no longer be met. 
Agreement was reached with Bristol Water- 
works Corp. to receive max. of 2 mgd of 
peosucts & raw water from Cheddar Res., and that 


necessary treatment plant should be com- 

CREENBERC pleted early in ’58. Early in ’56, it ap- 
8 peared that deficiency of water in summer 

would be greater than usual and it was de- 

cided that completion of raw water main 

M. GREENBERGS SONS from Cheddar Res. should be hastened and 
76% Folsom Street, San Francisco, Calf. temporary portable filters installed to treat 
Phone Exbrook 9-143 water. Portable “Stellar” diatomaceous- 


—with offices in principal 
cities of the United States. (Continued on page 70 P&R) 
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WORTHINGTON -GAMON 


WATCH DOG 


The meter used by 
thousands of munic- 


ipalities in the U. S. ey METERS 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 
pound type. 


SURE TO MEET 
YOUR SPECIFICA- 
TIONS FOR ACCU- 
RACY, LOW MAIN- 
TENANCE, LONG 
LIFE. 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and sO many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


GAMON METER DIVISION 
WORTHINGTON CORPORATION 


296 SOUTH STREET, NEWARK 5, NEW JERSEY 


OFFICES IN ALL PRINCIPAL CITIES 


| 

| 
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Testing is a continuous phase of 
the manufacturing process. All 
Clow pipe is subjected to a hydro- 
static test of 500 Ibs. per sq. inch 
of water pressure—2 to 4 times 
the normal working pressure. 
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new casting machines at Bensen- 
ville include many patented im- 
provements which are unique with 
Clow 


2 


CONTROL... 


to 


High Quality Clow cast iron pipe quality is as- 
sured by automatic instrument con- 
trol during manufacture. In some 
cases, these control systems were 
developed exclusively for Clow. 


Pipe annealing, a vital step in 
making Clow cast iron pipe, is 
carried out in this annealing oven 
—the most modern of its kind. 


68 P&R 
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Using the metal mold process, the 
neon 
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LIGHTS UP 
BENSENVILLE, 
ILLINOIS! 


New Cast Iron Pipe Plant Begins Production 
to Meet Growing Midwest Market Demands 


On September 22, 1958, the first pipe was poured at the new Bensenville, 
Illinois, Works of JAMES B. CLOW & SONS, INC., starting production at 
the most modern cast iron pipe plant in the world. The first plant ever 
constructed in the ceatral states area for making cast iron pipe, Bensen- 
ville is located in suburban Chicago and is ideally situated to meet present 
and future demands for Clow pipe. By bringing producer and users hun- 
dreds of miles closer together, this new manufacturing plant will be able 
to deliver dependable Clow cast iron pipe faster for all construction needs. 
Bensenville is strategically located for shipment by rail, or by truck over 
the modern new highway network of the Chicago area. In addition, cus- 
= tomers will benefit from new efficiencies of modern mass production in a 
plant located in an area central to vital raw materials for making cast 
iron pipe. 

The inauguration of pipe production at Bensenville marks another 
step in Clow's continuing expansion program. Clow now operates pipe 
plants at Coshocton, Ohio, and Birmingham, Alab in addition to 
B ville. B ille is her major Clow investment in beter 
products to better serve its customers. 


ovr BO" vear 1878 1958 


cAST JAMES B. CLOW & SONS, INC. 
IRON 


PIPE 201-290 North Taiman Avenue, Chicago 86, illinois 
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earth candle filters were installed and proved 
satisfactory, although presence of algae in 
raw water reduced rate of filtration consid- 
erably. Water was then chlorinated before 
being mixed with spring water—WPA 


The City of Worcester Water Undertak- 
ing. A Review. J. Br. W. W. Assn., 
39:192 (’57). Historical acct. is given of 
development of water supply for city of 
Worcester (Br.). Water is obtained from R. 
Severn and is now treated by sedimentation, 
rapid gravity filtration, and slow sand filtra- 
tion. Recent installation of rapid gravity 
filters has improved bact. qual. of water and 
lengthened filter runs of slow sand filters. 
—WPA 


Gothenburg Water Works and the Salt 
Sea-Water. G. Bumperc. Aqua, 1:16 
('57). Water supply for Gothenburg, Swed., 
is obtained from Goteborg branch of Gota 
Alv, one of largest rivers in Scandinavia. 
Treatment plant is at Alelyckan, 12 km 
(7.5 mi) from sea. In recent yr, after in- 
tensive dredging operations, salt water has 
extended upriver to this point during pe- 
riods of low flow, and has entered treatment 
plant. Measures taken to increase flow in 
this branch of river, and to regulate L. 
Vanern, further upstream, where water is 
used for power stations, are described. Plans 
to increase depth of river «till further by 
dredging will adversely affect salinity of 
water at site of intake, and it will then prob- 
ably be necessary either to move intake fur- 
ther upriver or to select new source of 
water, such as L. Vanern—WPA 


The Solution of the Drinking- Water Prob- 
lem in the Rural Centers of Vietnam. A. 
V. Goupou & C. RicHarp. Aqua, 2:8, 
12 (’57). Raw water for rural centers 
of Vietnam is obtained from Mekong and 
Red rivers or their tributaries. During dry 
season these waters are brackish.  Arti- 
ficial ponds have been built to store fresh 
water during rainy season, for use during 
brackish season. Purif. is effected by floc- 
culation using aluminium sulfate as coagu- 
lant, and rapid filtration through gravel. 
Clarified water is chlorinated by a concd. 
soln. of chloride of lime. Simple plants, 
with capac. of 10 cum/hr, have been estab- 
lished all over country. Diagrams of typical 
plant are included—WPA 


TASTE AND ODOR 


The Causes of Tastes and Odors in 
Drinking Water. R. D. Hoax. Proc. 11th 
Ind. Waste Conf., 91:229 (’56). Presence 
of phenolic tastes and odors in water sup- 
plies has usually been attributed to trade 
waste waters, but recent studies have shown 
that phenols may occur from natural sources. 
Some bacteria produce phenols as metabolic 
byproducts and certain aquatic plants release 
phenols. Some lab. expts. made to obtain 
quant. data on production of phenolic mate- 
rials by decomposing vegetation are de- 
scribed. Expts. have also been carried out 
to study reaction between phenol and chlorine 
and to establish conditions under which 
chlorophenol odors occur. They showed that 
phenol does not react with chlorine at low 
pH values, that chlorophenol taste may oc- 
cur in distd. water with marginal chlorina- 
tion at pH values above 7.7, and that phenol 
can be decomposed into tasteless byproducts 
at pH values above 7.7 provided that at least 
stoichiometric amt. of chlorine is added and 
that sufficiently long reaction period is al- 
lowed. It is pointed out that many of con- 
clusions that have been reached on reaction 
between phenolic substances and chlorine 
have been based on lab. expts. using pure 
compds. and that different results may be 
obtained when reaction is investigated in 
field. (Wtr. & Sew. Wks., 104:243, ’57.)— 
WPA 


Odor Development in the Chlorine Di- 
oxide Treatment of Waters Containing 
Phenols. J. Hortuta & K. Haperer. Gas- 
u. Wasserfach. (Munich), 98:552 (’57). 
Waters contg. phenols develop objectionable 
tastes and odors when treated with Cl; ClO; 
eral odor max. also occur with ClOs; ex- 
act molecular ratio of ClO2:phenol for these 
varies with phenol content. In _ practice 
min. odor is developed with water contg. 
0.1 mg/l, when ClOz: phenol molecular ratio 
is 8:1, corresponding to wt. ratio of 5.7:1. 
—CA 


Odor Counteraction. R. H. Waricur. 
Chem. in Can. (Ottawa), 10:4:37 (’58). 
Arguments for phenomenon of odor counter- 
action (I) were discussed according to cur- 
rent knowledge. It was concluded that there 
is no conclusive evidence for I—CA 
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Where service begins -- LAYNE 


A telephone call brings action—for the 
service facilities, know-how and ex- 
perienced work crews of your nearby 
Layne Associate Company. 


Layne service is based upon un- 
divided responsibility from initial sur- 
veys and construction to operation and 
maintenance. 


For service before, during and after 
Completely equipped work well construction, look to Layne and 
crew — backed by over 75. your nearby Layne Associate Company, 
years of field experience. a member of the community it serves. 


Write for bulletin No. 100 for more 
detailed information. 


LAYNE & BOWLER, INC. MEMPHIS 


General Office and Factory ¢ Memphis 8, Tenn. 


Layne Associate Companies 
throughout the world 


Water Wells Vertical Turbine Pumps Water Treatment 
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Preliminary Observations on How to 
Weaken or Eliminate the Earthy Odor of 
River Water. V. 1. Uspenskaya. Byull. 
Moskov. Obshchestva Ispytalel Prirody, 
Otdel Biol. (Moscow), 62:1:43 (’57). Al- 
gae, e.g., Spirogyra crassa, Cladophora fracta, 
Scenedesmus quadricauda, species of Coelo- 
sphaerium, Merismopedia, Pediastrum, Clo- 
sterium, and Cosmarium, and diatoms, ¢.g., 
Navicula, Amphora ovalis, Melosira varians, 
and Fragilaria crotonensis, were grown in 
culture and then such cultures were sub- 
merged in rivers to be treated, in sufficient 
amts. that cultures (pure or mixed) could 
continue to grow. Important thing is that 
algae are used which naturally do not occur 
in water to be treated. Once growth has 
started nicely improvement, even occasionally 
until complete abatement, of odor can be 
noticed. It is shown that O in status nas- 
cendi developed by such alga is agent respon- 
sible for this effect. It might become neces- 


sary to stir water so as to aerate algae, 
grow and 


that they can develop enough 


chlorophyll, before they can show photo- 
synthesis with subsequent development of 
nascent O.—CA 


Water Treatment for the Eradication of 
Tastes and Odors. G. Carter. Proc. Soc. 
Water Treatment and Examn., 6:43 (’57). 
Effects of common treatment methods on 
taste and odor are discussed. Prevention 
through water management and knowledge 
of pollutional dischgs. are aid in control. 
Most tastes and odors can be handled by 
aeration, chlorination, ozone, and carbon. 
Slow sand filtration is also efficient in re- 
moving tastes from stored water. Cucumber- 
taste episode believed caused by Synura 
Uvella resisted all attempts at control. 
Chlorophenol tastes are among worst en- 
countered. Combination of chlorine with 
iron bact. has given rise to chlorophenol 
tastes. Musty tastes and odors developing 
in distr. systems are believed to come from 
organisms living on organic debris in pipes. 
—PHEA 


(Continued on page 74 P&R) 


Mixing and aging tank for activated silica sol. 


Activated Silica 
starts with “N’ 


“N” sodium silicate is the 
number one choice of water 
treating plants everywhere for 
uniform performance in pro- 
ducing activated silica sol. No 
matter what reactant you use 
or how you prepare the sol, 
“N” silicate is dependable. 
Write down the approximate 
composition— 


N, 41° Baumé, 28.7% Si02, 8.9% Na20 
(weight 11.6 Ib./gal.) 


| Let us quote on your requirements of sodi- 
um silicate. Prompt deliveries from nine 
plants. Complete literature on request. 


PQ SOLUBLE SILICATES 


PHILADELPHIA QUARTZ Co. 


Trademarks Reg. U.S. Pat. Of. | 


1142 Public Ledger Bidg., Philadelphia 6, Pa. 
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Four size 4 Corbolls ot Konsos City, 
Mo. burn either gos or oil to produce 
mox. of 40,000 ibs. COg/daoy. Size 
at left produces 570 ibs. 
CO2/doy for Jefferson, Water 
Plant. 


UNIT 


Walker Process now offers carbonation units for all lime softening plants from the very small 
to the largest. Sizes range from the new “OO” unit with minimum capacity of 55 lbs. CO2/day 
to the No. 4 at maximum output of 10,000 Ibs. COz/day. 

Engineers can readily provide an entire carbonation system by simply specifying the appropriate 


size CARBALL in combination with Walker Process SPARJER diffusers... . . assuring 
50% More CO: Unique Absorption Method 
Clean, Tasteless Gas Economical Operation 
100% Combustion Factory Tested Package System 


Write for bulletins 7W83 - 7W85 and 7/W88 


WALKER PROCESS EQUIPMENT Inc 


AURORA, ILLINOIS 


3 
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Tastes and Odors in Water—A Histori- 
cal Introduction. F. C. Buttock. Proc. 
Soc. Water Treatment and Examn., 6:29 
(57). Author discusses rather cloudy his- 
tory of taste and odor in water. In addn., 
he gives some case histories of taste and 
odor problems which have been caused by 
everything from cross-connections to dead 
swallows in hot-water feed tank—PHEA 


Insuring a Palatable Supply for Des 
Moines. J. R. MALoney. Taste Odor Con- 
trol J., 22:2:1 (’56). Water supply for Des 
Moines, Iowa, was formerly obtained from 
infiltration gallery in glacial sands of Rac- 
coon R. valley, but to meet increased demand 
after WW II facilities for direct intake of 
river water into system were incorporated 
into design of new water-softening plant. 
In ’54 expts. were made on use of activated 
carbon to control tastes and odors in river 
water to required threshold odor value of 2. 
Results have so far been satisfactory and lab. 
expts. have indicated that alum coagulation 
and/or treatment with activated carbon re- 
duces chlorine demand of water. Flow dia- 
gram of plant is given—WPA 


The Nature of Odor in Water. A. M. 
ARENSCHTEJN. Gigena i Sanit. (Moscow), 
21:3:45 (’56). Investigation is described 
into connection between odor in water and 
microorganisms present. Ether extracts of 
water, water organisms, and water plants 
were examd. organoleptically and by lumines- 
cence anal. under ultraviolet light. Water 
plants and organisms had specific odor and 
specific luminescence. Pure cultures of mi- 
croorganisms were also examd. and lumines- 
cence colors of no. of these are given. Both 
luminescence and odor are reduced by treat- 
ment of water.—WPA 


Hackensack Water Company—A Quarter 
Century of Water Purification. P. E. 
Patio & P. TAMER. Taste Odor Control J., 
22:5:2 (56). Authors describe develop- 
ments over last 25 yr in use of activated 
carbon at purif. plant at Hackensack Water 
Co., Oradell, N.J., for control of tastes and 
odors in water supply.—IV”PA 


Taste and Odor Experience at Rocking- 
ham, N.C. E. R. Tutt. Taste Odor Con- 
trol J., 22:8:1 (’56). Water for Rocking- 
ham, N.C., comes from creek flowing through 


swampy land to shallow impounding res. 
with heavy aquatic weed growth. Water 
treatment consists of addn. of alum and 
lime, sedimentation, rapid sand filtration, 
postchlorination, addn. of lime and meta- 
phosphate for adjustment of pH value, and 
fluoridation with sodium fluoride. Carbon 
is applied at top of filters as safety factor. 
During period of drought in '53, when water 
level in res. was very low, sudden production 
of brown water with repulsive taste oc- 
curred. Immediately amt. of carbon added 
to filters was increased, plant was obtained 
to give prelim. chlorination, and continual 
lab. tests were made in order to find cause 
of trouble. Drastic treatment only just 
maintained palatable water. 3-in. rainfall 
brought conditions suddenly back to normal 
and cause of color, taste, and odor formation 
was never definitely found, although it is 
thought to have been due to actinomycetes, 
feeding on nitrogenous matter in res—WPA 


Taste and Odor Control... Murfrees- 
boro, Tennessee. E. JoHNson. Taste Odor 
Control J., 24:1:1 (58). Murfreesboro, 
Tenn., originally depended upon Murfree 
Spring and no. of deep wells for its water 
supply, but these sources became inadequate 
and since ’45 water has been drawn from 
Stones R. to supplement original supply 
during summer mos. Present treatment con- 
sists of prelim. chlorination, coagulation with 
alum, softening with lime, carbonation, sedi- 
mentation, rapid sand filtration, and post- 
chlorination. Raw water from both sources 
is contamd. by tastes and odors. Activated 
carbon is now used to elim. tastes and odors 
and point of application is varied according 
to season of yr. Flow diagram of water 
treatment plant is included.—l’PA 


Types of Taste and Odor and Their 
Estimation. E. W. Taytor. Proc. Soc. 
Water Treatment Examn., 6:39 (’57). Au- 
thor classifies various types of tastes and 
odors which may occur in water supplies, 
together with their causes and describes 
method of detecting tastes and odors used 
by London Metropolitan Water Bd., and 
that recommended in Am. Standard Meth- 
ods. In Am. method, water is smelled with- 
out tasting, whereas in Metropolitan Water 
Bd. method it is tasted, thus permitting de- 
tection of tastes without odor, such as brack- 
ish tastes—W PA 


(Continued on page 76 P&R) 
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New AWWA 


35-mm 
Slide Film 
with 
Sound and 
Color 


[ $35 a copy 


THE STORY 
OF WATER SUPPLY 


Based on AWWA’s million-copy bestselling picture booklet of the same 
name, the film version uses lively color cartoon slides and synchronized 
sound to tell “The Story of Water Supply” to sckools, civic clubs, and other 

groups of your neighbors and customers. Attractive to both youngsters 
~ and adults, and easily understood by all, the effectiveness of this 15-minute 
presentation is being proved throughout the country. 


Whether you use the film as an introduction to a talk on local water 
problems or lend it to your schools (a teaching guide comes with it), you’re 
bound to find that its value as a public relations tool is worth far more 
than the modest $35 cost. 


Onder Now From 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue New York 16, N.Y. 


: 
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WELLS AND GROUND WATER 


Pecularities of the Chemical Composition 
of Ground Waters of Soil of the River 
Flood Plain and Factors Determining 
Them. A. N. TyuryuKanov. Pochnove- 
denie (Moscow), 9:79 (57). Seasonal 
changes of chem. compn. of ground waters 
of bottom land of lower part of Moscow R. 
have been examd., together with changes of 
BOD. It was found that chem. compn. of 
soil-ground waters is detd. mostly by proc- 
esses of soil formation, by compn. of silt 
deposits of bottom lands, and chem. compn. 
of river HzO. Max. mineralization of soil 
and of ground waters is observed in spring 
when there are floods (that is silt stage of 
bottom-land soil formation), and one finds 
increase of concns. of NH,*, Ca**, 
Fe**, SO<-, and HCOs. Main character- 
istics are given of soils of river valley land 
of Moscow R., i.e., of meadow soils, sod- 
meadow soils, meadow-boggy soils, and 
slightly podzolized soils of Ist terrace above 
bottom land.—CA 


Experimental Investigations on Ground 
Water in Germany. C. R. Barer. Bull. 
centre belge etude et document. eaux 
(Liege), 31:47 (’56). Description is given 
of work carried out to det. availability of 
ground water as source of water supply in 
Ger. Availability of ground water resources 
was detd. and evaluated; and importance of 
their natural replenishment by atmospheric 
pptn., possibilities of artificial enrichment of 
ground water by surface water, and mech- 
anism of infiltration of pold. surface waters, 
waste waters, and rinsing waters into sub- 
soil, were investigated. Some results of 
these investigations are given in tables and 
graphs. Lysimeters were used extensively 
during investigations, and diagram of lysi- 
metric installations at Dortmund (W. Ger.) 
is included.—_W PA 


Ground-Water Resources of the North- 
eastern Part of Volusia County, Florida. 
G. G. Wyrick & W. P. Leurze. Florida 
Geol. Survey, Inform. Circ. No. 8:1 (’56). 
Chem. anals. are given of 43 samples of well 
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White or tinted blue « 
Minimum of storage space 


(Powder or Granular) 
Meet AWWA specifications 


Dry and free-flowing 
« Available in bags and drums 


Minimum of dust in handling 


THE AMERICAN AGRICULTURAL 


CHEMICAL COMPANY 
100 Church Street, New York 7, N. Y. 


for Public Water Fluoridation | 
Sodium Silicofluoride - 99% 
| Sodium Fluoride-98% 
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WINCHESTER, VIRGINIA, WATER 
TREATMENT PLANT beautified and protected 
exclusively with colorful INERTOL’ coatings 


PIPE GALLERY: Pipes painted with Glamortex® Enamel—a glossy, alkyd-resin enamel 


of highest quality. Weather-, wear-, 


and fade-resistant. 


Walls and ceiling protected 


with Ramuc® Utility Enamel—a glossy, natural rubber-base coating. Leaves tile-like, 


easy-to-clean finish. 


INERTOL COATINGS USED 100%! The City 
of Winchester aimed for beauty and pro- 
tection. That’s why rugged Inertol paints 
were chosen for complete protection of 
the new Percy D. Miller Water Treatment 
Plant, part of a multi-community, multi- 
million-dollar water system. 


This new 7 MGD system was built to meet 
the rapidly expanding industrial and resi- 
dential needs of Winchester and neighbor- 
ing areas. For long-term maintenance 
economy ...good looks...and lasting pro- 
tection, Inertol coatings were specified 
100% by Alexander Potter Associates, 


Both Glamortex and Ramuc in dozens of eye-pleasing colors. 


Consulting Engineers, New York, N. Y., 
Mr. M. H. Klegerman, Engineer. 


Specialized Inertol coatings are specified 
year after year by consulting engineers to 
withstand corrosion, submersion; outdoor 
and indoor use. A paint best suited to 
solve your problem can be selected from 
Inertol Company’s complete line. 


Buy Inertol paints direct from the manu- 
facturer. Shipment within 3 days from 
our plant, or nearby warehouse stocks. 
For valuable maintenance painting guide 
with handy paint selector chart, write 
today for free folder W587. 


Ask about Rustarmor®, Inertol’s new hygroscopically controlled rust-neutralizing paint. 


INERTOL CO., INC. 


484 Frelinghuysen Avenue, Newark 12, N. J. 


27-G South Park, San Francisco 7, Calif. 


A complete line of quality coatings for water, sewage and industrial wastes plants and swimming pools. 
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waters. Detns. of chloride in 1,300 samples 
show that some encroachment of salt water 
has occurred in 3 coastal areas; it may be 
avoided by developing wells in areas where 
salt water lies at considerable depth or by 
avoiding large draw-downs.—C A 


Ground-Water Geology of the Bruneau- 
Grand View Area, Owyhee County, Idaho. 
R. T. Littteton & E. G. CrostHwalte. 
U. S. Geol. Survey Water Supply Paper 
No. 1460-D:147 (’57). Area is largely 
within Snake R. valley, and several artesian 
aquifers occur. Ground water contains F, 
locally above 20 ppm; those in N. are high 
in Na and unsuitable for irrig. Widespread 
irrig. from artesian water is feasible in most 
parts, provided adequate soil drainage and 
soil amendment are maintained.—CA 


Geology and Ground-Water Resources of 
the Lower Marias Irrigation Project, 
Montana. F. A. Swenson & H. A. SWEN- 
son. U.S. Geol. Survey Water Supply Pa- 
per No. 1460-B:41 (’57). 2 submerged 


(Continued on page 80 P&R) 


sandstone (Virgelle and Judith R.) aquifers 
and several alluvial fans constitute ground 
water supply of area. Virgelle aquifer is 
highly mineralized (Cl-) and unsuitable for 
irrig.; but water from Judith R. aquifer is 
of good qual. Irrig. from ground water or 
planned surface reservoir water must be 
carefully controlled to avoid waterlogging in 
area.—CA 


Geology and Ground-Water Hydrology of 
the Valleys of the Republican and French- 
man Rivers, Nebraska. Brapiey & C. 
R. Jounson. U.S. Geol. Survey Water Sup- 
ply Paper No. 1360-H:589 (’57). Area 
consists of 370 sqm of flat or gently sloping 
land bordering rivers on either side. Large 
quants. of water can be obtained from Qua- 
ternary sands and gravels that fill natural 
storage troughs in Cretaceous bedrock lying 
roughly parallel to valley axes. Water is 
predominantly Ca Mg bicarbonate, except for 
western part of area where Ca and Mg sul- 
fates predominate. Water is suitable for 
domestic, agricultural, and most industrial 
purposes.—C A 


WATER STORAGE TANKS 


ELEVATED 
GROUND RESERVOIRS 


Complete Tank Sewtee 


Engineered and Erected According to 
AWWA-AWS-FIA-FM and NBFU Specifications 


TAYLOR IRON WORKS 


Serving The Southern States Since 1898 


Please Address inquiries Te 
Box 218 
Macon, Ga. 


STANDPIPES 


N, GEORGIA 


Box 6493 
5, Fla. 
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From Fort Ethan Allen, Vt. to Patrick Air Force Base, Fla. 


Military installations join the trend to the 
modern pipe—“K&M” Asbestos-Cement 
Pressure Pipe with FLUID-TITE Coupling. 


Steady, dependable water service— 
that’s a major reason for the trend 
to “K&M” Asbestos-Cement Pres- 
sure Pipe. Once it’s installed, you 
can forget about it. Year after year, 
the water keeps flowing through .. . 
clear and unimpeded by tubercula- 
tion, corrosion, or electrolysis. The 
combination of asbestos fibers and 
portland cement provides a rock- 
like durability. 


KEASBEY & MATTISON 
COMPANY * AMBLER * PENNSYLVANIA 


See the new “K&M” film, “Lifelines of Your 
Community.” It's the exciting, dramatic story 
of “K&M" Asbestos-Cement Pressure Pipe from 
manufacturing to installation. Learn how your 
community can enjoy the finest water service 
... uninterrupted . .. at lowest cost. How you 
can rid yourself of costly, time-consuming re- 
pairs and replacement. 


“Lifelines of Your Community” is now available 
for council meetings, engineer or waterworks 
association meetings, or to other interested 
groups. Write to us. We'll make arrangements 
for showing the film . . . and give you complete 
information on “K&M” Asbestos-Cement Pres- 
sure Pipe. 
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EMPLOYMENT INFORMATION 


Employment 
Information 


Classified ads will be accepted only for ‘Positions 
Available’ or ‘Position Wanted.” Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain ‘‘Classified 
Ad Authorization Form” from: Classified Ad Dept., 
Journal American Water Works Assn., 2 Park Ave., 
New York 16, N.Y. 


Positions Available 


WATER PRODUCTION SUPERINTENDENT 
San Diego, California 
Salary to $909 mo. 


Engineering degree and 5 years supervisory experience 
in water impounding and treatment. 95 personnel and 
million-dollar budget. Write immediately if  inter- 
ested! City Personnel, Room 453, Civic Center, San 
Diego, California. 


PROPOSALS 
ENGINEER 


This is a permanent, re- 


sponsible position in the 
New York office of a leader 
in plant equipment design 
and installation. 


Experienced Sanitary Engi- 
neer is desired for assign- 
ments involving 1) analysis 
of plant and process re- 
quirements of industrial 
users, 2) preparation of 
proposals for consideration 
by corporations, government 
agencies and consulting 
engineers. 


Qualified engineers with an 
interest in this work are in- 
vited to submit resumes, in- 
eluding salary requirements. 
Box 911A, Journal American 
Water Works Assn., 2 Park 
Ave., New York 16, N. Y. 
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Salt Balance in Ground Water Reservoir 
Operation. D. B. Wittets « C. A. Mc- 
Proc. ASCE, 83:IR2:No. 1359 
('57). Development of water in Calif. to 
meet ultimate water requirements of state 
will require planned utilization for seasonal 
and cyclic storage of many ground water 
reservoirs available. Important problem in 
such operation is maint. of suitable mineral 
qual. of ground water. Authors discuss 
sources and disposal of salts in ground water 
reservoirs and indicate salt-balance require- 
ments for operation of hypothetical ground 
water reservoir. It is stressed that present 
knowledge is inadequate, and much more 
data are required to predict and evaluate 
salt-balance requirements for reservoirs un- 
der planned operation —W PA 


Total Analyses of Several Turkish Well 
Waters. H. Keskin &« S. YANco. Rev. 
fac. sci. univ. Istanbul (Turk.), 21:126 
(56). Anals. of well waters of 14 different 
communities are given, with brief directions 
for detns. For F, known amt. of mono- 
sodium phenyl phosphate (I) is decomposed 
by potato phosphatase, and F-content is 
calcd. from PhOH liberated. Soln. of I is 
fermented with phosphatase, and free PhOH 
detd. F was detd. graphically from curve 
of F concn. vs. % decompn. of I. F (in y) 
=0.1, 0.2, 0.3, 0.4, and 0.5; decompn. of I 
(in %)=93.75, 89.7, 84.5, 79.5, and 7.8, 
resp. F in mg/l! varied from 0.005 in water 
contg. little Fe to 0.165 in water contg. 43.0 
mg Cl/l—PHEA 


Wells Drilled in the Belgian Congo by 
Injection of Water. G. BorGniez. L’Eau 
(Paris), 43:31, 87 (’56). Recent sand de- 
posits in Belg. Congo influence method used 
for excavation of wells; method employed is 
by injection of water and basic theory in- 
volved is summarized. Theory of well wa- 
ter supply is reviewed and expression for 
detn. of yield of well is given. Std. method 
for detg. coef. of permeability for sand is 
described and improvements on this method 
are outlined. Possible effects of ground wa- 
ter on materials used in well, methods of 
preventing them, and choice of suitable mate- 


rials for constr. of well and equip., are 
discussed.—_W PA 
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Faster coagulation... 
larger floc... 
increased throughput. .. 
with HAGAN 
COAGULANT AIDS 


Only 50% of floc settled after 3 minutes 


Scientifically formulated Hagan 
Coagulant Aids 2, 7, 11 and 18 are 
the most effective means of improving 
coagulation in all types of clarifica- 
tion equipment, and are completely 
safe for drinking waters. 

Supplied in free-flowing granular 
form, they are easy to use since they 
may be dry fed or readily prepared 
as slurries. While Aid No. 2 is a pure 
polyelectrolyte, Aids 7, 11 and 18 are 
intimate blends of: (1) polyelectrolyte 
to promote rapid floc growth and 
(2) processed clays to serve as nuclei 
around which floc forms readily. They 
also provide weight to increase the 
settling rate of the floc. One of the 
four Hagan Coagulant Aids will meet 
your specific water condition. 


‘River Water with Coagulants plus Hagan Aid — 
99% of floc settled after 3 minutes 


In over three years of use in munic- 
ipal water clarification, Hagan Co- 
agulant Aids have increased clarifier 
throughput rates, reduced floc carry- 
over, simplified clarifier operation, 
improved color removal and even 
reduced overall chemical treatment 
costs in many plants. 

We will be glad to conduct coagu- 
lation studies to determine which of 
the several Hagan Coagulant Aids is 
best for your particular operation. 
These tests will be confirmed at the 
plant site by an experienced Calgon 
engineer. For information, write: 


CA LG @ COMPANY 


OIVISION OF MAGAN CHEMICALS & CONTROLS. INC 


HAGAN BUILDING. PITTSBURGH 3O. PA 


in Canada ragen Corporation Canada) Limited. Toronto 


€ 
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‘BUILT FOR 
Industry / 


VERTICAL TURBINE PUMPS 


Tough pumping jobs demand the 
rugged dependability that FloWay 
pumps have so ably demonstrated. 
Two generations of pump experi- 
ence back up the specialized de- 
signs—the selection of fine mate- 
rials—the precision manufacturing 
—and the rigid inspection that 
assures peak performance under 
the most exacting conditions. In- 
@ quire today about FloWay. 


DESIGNED FOR 

EVERY NEED 

* 

4 FloWay capacities range from 15 
© GPM to 4000 GPM. Equipped 
e with either standard cast iron or 
@ fabricated steel heads, as required. 
© Component parts are of materials 
®@ and type to fulfill the specific 
pumping need effectively. See 
your dealer or write for detailed 
information. 


> 
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FIESE & FIRSTENBERGER MFG., Inc. 
2494 Reilrood Ave 


“sno Fresne, Calif 
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Reduced-voltage starters, designed 
for pumps, conveyors, and other equip- 


| ment, are described in a new 12-page 


booklet that includes illustrations and a 
pocket on the inside cover for insertion 
of individual data sheets. Copies of Bul- 
letin 14B8192 are available on request 
from Allis-Chalmers Mfg. Co., Milwau- 
kee 1, Wis. 


Stream analyzers are the subject of 
an 8-page, two-color catalog, which in- 
cludes photographs and information re- 
lating to pH equipment, flow colorimeters, 
and dissolved-oxygen analyzers. Bulletin 
CL-4000 is available from Beckman Sci- 
entific & Process Instruments Div., 2500 
Fullerton Rd., Fullerton, Calif. 


A pocket-size slide rule calculator, 
for determining capacities of tanks in 
gallons, barrels, and pounds of water, 
may be obtained from Hammond Iron 
Works, Warren, Pa. 


Throats for differential producers 
can be easily selected with the aid of 
a 12-page bulletin recently published. 
Made up largely of equations, perform- 


| ance charts, and capacity tables, the book- 


let is designed to assist in determining 
throat size and head loss in various appli- 
cations of flow tubes, Venturi tubes, and 
Venturi nozzles. Technical Bulletin 
100-P6 may be obtained from Builders 
Providence, Inc., 345 Harris Ave., Provi- 
dence 1, R.I. 


Ion exchangers are described in a 
new 8-page, illustrated booklet, which 
emphasizes the hydrogen base exchange 


| process. Bulletin 4530-A is available by 


| writing Cochrane Corp., 


Philadelphia 
32, Pa. 
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THIS IS THE FASTEST MOST 
SUCCESSFUL THAWING 


Here is the most practical, most effective, thawing DEVICE KNOWN IN THE 


device ever offered the water field. Thaws water WATER FIELD... 
ipes, valves, hydrants etc., and removes grease. 
noon mud or dirt from vehicles or machinery. 
Three gallon rustproof steam generator with safe- 
ty valve, 30 pound steam gauge, water 
gauge, 6 feet of steam hose with steel, insu- 
lated nozzle that can 
get into tight spots. 
Can be refilled with- 
out shutting off 
burner. Weight 95 
Ibs. —20 lb. propane 
gas cylinder comes 
with burner—extra 
cylinders always 
available. 


This is a must for the modern 
water works plant. Order your 
outfit today. We'll ship imme- 
diately. Fully guaranteed. 


Write for our 
catalog 


PE LINE E ME 
EQUIPMENT Place your next order with POLLARD 


If t's from POLLARD . . . It's the Best in Pipe Line Equipment 


POLLARD NEW HYDE PARK + NEW YORK 


8B h Off 964 Peoples Ses Building, Chicago, Mlinois 


333 Candler Building, Atlanta, Georgia 


PIPE LINE EQUIPMENT 


= 
a 

| 
4 PIPE LINE EQUIPMENT 


CHAPMAN 


plays an important part for m4 
an important service Gait 


to the Nation’s Capital 


S im 


Washington, D. C., Arlington County, Virginia and parts 
of Fairfax County, Virginia have unique, efficient, and 
progressive means of providing more effective water 
service for public health, convenience and fire protec- Big and modern as it is, the Water System of The 
tion. The Supply System was designed, built and is op- = istrict of Columbia is still expanding. They have al- 
Stee ay ine Corps of Engineers, United Sictes Army. ready invested $85,323,559 in this public service and 

istribution System in the national capital is operated : eect 
by The Commissioners, District of Columbia, Department more funds have been appropriated for extra facilities. 
of Sanitary Engineering. More than one million persons These include construction of additional filters, a new 
are being served and they are being served well... chemical building, and an added two story floccula- 
153,157,000 gallons per day. tion-sedimentation basin. 

The source of water for the entire system is the 
Potomac River. Water is pumped through miles of 
conduits to the McMillan, Georgetown and Dalecarlia 
reservoirs for storage and subsequent filtration and 
treatment. Pumping stations are operated at 
McMillan, Dalecarlia, Bryant Street, Reno and 
Anacosta. Filtration plants are at McMillan and 
Dalecarlia. And throughout the entire system you’ll 
find countless Chapman Valves. Chapman has been 
meeting the demands of this modern system for a 
number of years. The United States Army Corps of 
Engineers and the District of Columbia, Department 
of Sanitary Engineering insist that their valves meet 
every modern requirement . . . requirements that in- 
volve operation, size, pressure, stress and flow. 


Interior views of the completely air-conditioned 
Dalecarlia Pumping Station showing some of the 
many Chapman Cone Type Valves used largely as 
protection from reversal on power failure of pumps 
and piping. The Dalecarlia Hydroelectric Station 
utilizes surplus water for generation of electrical 
energy, thereby reducing pumping power costs. The 
hydro-turbines may be converted to raw-water 
pumps, reversing the direction of water flow. 


Right, Chapman 30-inch discharge cone valve, one 
of the countless Chapman Valves used throughout 
this system. 


The CHAPMAN! Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 


For more than 75 aggressive years, Chapman has been producing valves that meet every modern requirement. 
Chapman has the engineers, the metallurgists, the foundries, the manufacturing and testing facilities to meet the 
higher-pressure, higher-temperature demands of both today and tomorrow. At Chapman, there is always some- 
thing new. It will pay you to talk with one of our engineers and let him bring you up to the instant. Write to us 
and he'll call at your convenience. 
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Sea water rights are suddenly be- 
ginning to loom as a problem, even 
before water utilities are ready to start 
appropriating or riparianating the stuff 
for public supply, and the competitor 
for the raw material is a pretty potent 
one—the automotive industry. Clue 
to its interest in the briny was given 
by Earl D. Johnson, executive vice- 
president of General Dynamics Corp., 
when he stated that the use of sea 
water as a source of automotive fuel 
was being explored by GD—General 
Dynamics, of course—scientists who 
are “probing the possibilities for this 
revolutionary change.” We might let 
the fact that the same amount of en- 
ergy provided by the 900 gal of gaso- 
line that the average American car 
owner uses each year is available in 
just 3 gal of sea water lull us, but, 
knowing these GD—still General Dy- 
namics—people and looking into space, 
we're not at all sure we shouldn’t hit 
the beach right now! 


A new salt product designed espe- 
cially for industrial and home auto- 
matic water softeners with separate 
brine tanks has been announced by 
International Salt Co. “Sterling Brine 
Kubes,” 50-lb compressed cubes of 
pure salt, are said to be 100 per cent 
soluble, assuring clean brine tanks at 
all times. They are easy to store and 
handle. Compressed under tremendous 
pressure, each “cube” of pure salt takes 
up a space of 8 X 8x 11} in. Some 
brine tanks are designed to take 6-8 
such cubes, thus reducing the frequency 
of salt handling. 


Pella, world capital during the days 
of Alexander the Great and Aristotle, 
has just recently been found by arche- 
ologists excavating some 24 mi north- 


west of Salonika, Greece. It was in 
334 BC that Alexander rode out of 
Pella to conquer the world and in 168 
BC that the Romans destroyed it, 
which should give some idea of the 
age of the elaborate clay water and 
sewage lines that were discovered 
when the first structure, a building 164 
ft wide and 300 ft long, was excavated 
last year. The word the Greeks had 
for it, by the way, was probably ““mod- 
ern conveniences.” 


George M. Haskew has retired as 
chief engineer of Plainfield-Union 
Water Co., Plainfield, N.J., after a 
long career of service. He is suc- 
ceeded by Conrad W. O’Connell, for- 
merly with New York Water Service 
Corp. and most recently general man- 
ager of Bailly Engineering Enterprises, 
Pasadena, Calif. 


The doorknob orthodontistry tech- 
nique is being used for the fourth time 
this winter to rid Lake Musconetcong 
of its weeds. First step in the proce- 
dure, which was undertaken the last 
week in November, was to drain the 
lake down to a level low enough to 
permit the remaining water to freeze 
solid. When the ice is set, additional 
water will be admitted to the lake to 
float the ice and rip the weeds out by 
the roots—naturally. Then, of course, 
they should be put under the pillow of 
the New Jersey Dept. of Conservation 
& Economic Development, which will 
wake up to find itself richer by a good 
many dimes for the operation. 


Raymond E. Melampy has been 
appointed safety engineer for Armco 
Drainage & Metal Products, Inc., Mid- 
dletown, Ohio. He has been with 
Armco since 1940. 


(Continued on page 88 PER) 
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MORE WATER FOR MIDLAND © 


2%, 
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Armco Pipe feeds 
new 100-million-gallon reservoir 
at Midland, Michigan 


Midland, Michigan, is joining hundreds of other cities using Armco Welded Steel 
Pipe to meet increasing demands for water supplies. Shown here is the 36-inch- 
diameter Armco Pipe being installed for the inlet of Midland’s new 100-million- 
gailon reservoir. 

This reservoir is part of Midland’s continually expanding water supply pro- 
gram. Over the past eight years, nearly 30,000 feet of Armco Pipe in various 
diameters from 8%/g inches to 36 inches have been used to help meet the city’s 
need for more water. 

Armco Pipe can help solve your water supply problems too. Write us for in- 
formation related to your particular requirements. Armco Drainage & Metal 
Products, Inc., 4339 Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 

OTHER SUBSIDIARIES AND DiviS!iONs: Armco Division * Sheffield Division 
The National Supply Company * The Armco International Corporation 
Union Wire Rope Corporation * Southwest Steel Products 
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Fine in ’59 is the economic weather 
report according to a consensus of 212 
economists polled by F. W. Dodge 
Corp. The economists are far more 
optimistic about the business outlook 
now than they were this time last year, 
and they are also much more nearly 
unanimous in their opinions on major 
economic indicators than they have 
been in the past. All but two of the 
212 expect the gross national product 
to rise this year above its mid-1958 
level, and all but four think industrial 
production will show a similar trend. 
On the average, they expect the gross 
national product to reach an annual 
rate of $460 billion by the fourth quar- 
ter of 1959, a rise of about 4.5 per cent 
during the year. Similarly, they ex- 
pect the Federal Reserve index of 


industrial production to reach 147 by 
December 1959, going up about 5 per 
cent during the year. 

In general, the economists feel that 
inflationary tendencies will continue, 
with some speedup in price rises to- 
ward the end of 1959. The median 
forecast is that the government’s con- 
sumer price index will reach 125.5 by 
the end of 1959, as compared with the 
most recently reported figure of 123.7. 
Although the economists clearly think 
1959 will be a good year, they recog- 
nize that there are soft spots to be 
bolstered and pitfalls to be avoided. 
Among those most frequently men- 
tioned as possibilities are: inflation 
and runaway boom, with a counter- 
action some time after 1959; cutting 
off of the recovery by excessive credit 


(Continued on page 90 P&R) 


Iron and Manganese Removal Plus Water Softening . . . 


Automatically by lon-Exchange using Invercarb C-110 
Low in cost—efficient in operation. Send for Particulars. 


Vv HUNGERFORD & TERRY, INC. 


! CLAYTON 5, 


NEW JERSEY | 
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Just a TWIST 
of the WRIST 


The three basic elements vital to your life are air, food and water. Most 
important of the three is water. And as civilization develops, water 
becomes increasingly important. 

In America today, 140 gallons (60 pails) of water is required each 
day for every man, woman and child. It is a complex job to supply the 
water you need for home, industries, factories, stores, offices, schools, 
hospitals, fire departments and farms. To make water clear, healthful 
and tasteful it must first be settled, aerated, filtered and chemically 
purified. Millions of dollars must be invested in dams, reservoirs, pumps, 
filters, pipe, valves, hydrants. Design and construc- 
tion of a water distribution system is a major engi- 
neering job—no two are exactly alike. Management, 
operation and maintenance requires knowledge of 
engineering, hydraulics, chemistry, business admin- 
istration and “human nature.” 

Sometimes, when you take a shower or drink a 
glass of water, silently thank the water works man 
who makes it possible to do so night or day, winter or 
summer—with only ‘“‘a twist of your wrist.” 


This Series is an attempt to put into words some appreciation of 
the water works men of the United States. 


VALVE 


AND FITTINGS COMPANY | 


ANNISTON, ALABAMA 
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restrictions; a relatively slow decline 
in the number of unemployed; a con- 
tinuing profit squeeze facing many 
businesses; constantly rising wage 
rates; rising government deficits, high 
taxes, and a restrictive tax structure. 


Portland Cement Assn. has named 
Cris Dobbins, president of Ideal Ce- 
ment Co., Denver, chairman of the 
board. He succeeds George E. War- 
ren, who has held the post during the 
past 2 years. 


William P. Kliment, engineer of 
standards, Crane Co., Chicago, has 
been awarded ASA’s Standards Medal 
for his “indefatigable efforts and out- 
standing achievements in the practical 
development and application of volun- 
tary standards.” 


Flow Measuring 
Through Open Flow Nozzles 
Greatly Simplified 


New Improved 
_ BURGESS-MANNING Type “MN” METER 


offers first important advance in art of gravity 
flow measurement in many years. 


William Hunter Owen, formerly 
assistant director of the Div. of Sani- 
tary Engineering, Tennessee Dept. of 
Public Health, has become associated 
with the consulting firm of Barge, 
Waggoner & Sumner, Nashville. 


Boyd A. Bennett, former president 
of Northeastern Water & Electric 
Corp. of Philadelphia and an execu- 
tive of South Bay Water Co. in charge 
of a number of water plants on Long 
Island, N.Y., died in Clearwater, Fla., 
Nov. 7, 1958. He was 73. Mr. Ben- 
nett was city manager of Clearwater 
from 1947 to 1951. Previously he had 
been city manager of Charlottesville, 
Va., and director of public works at 
Lynchburg, Va. He had been an 
AWWA member since 1937. 


Here is dependable accuracy of 
measurement at all times—and at 
a new low in both initial and 
operating costs. 


You Eliminate — 


the need for costly and main- 
tenance-hungry requirements such 
as: stilling well and cover; con- 


necting pressure piping and fit- 
tings; sump pump; cleaning valves; 
sediment traps; back flushing re- 
quirements; float cable; space 
and concrete work needed for 
these. The Burgess-Manning Type 
“MN” Meter out-modes every 
other method of gravity flow 
measurement. 


Write for Burgess-Manning “MN” 
Meter Bulletin for full details. 


BURGESS-MANNING COMPANY 
Penn Initriuments Division 


4124 Haverford Ave., Philadelphia 4, Pennsylvania 


Accuracy 


New 
Low Cost 
“New 


Low Maintenance 
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WHat Price WATER? is a 12-page, 4x9-in. booklet that calls to the atten- 
tion of the reader the real value of public water supply. Comparing 1940 
prices of a number of other common items with today's, it also presents a 
comparison of the 1940 costs of water works facilities with present ones as : 
an indication that water rates must be boosted. Designed to fit in a standard ie 
No. 10 business envelope, the booklet sells at prices ranging from 10¢ to 2i¢ 
per copy. Imprints of your name and address as well as your rate per 
thousand gallons or cubic feet can be provided on lots of 600 or more Ask 
for sample. 


Willing Water Jewelry 


Since their introduction in 1954, the Willing Water jewelry items have been most popular 
as awards, gifts, and good will builders. Presenting a blue-faced Willie in full stride, the 
emblem has made a hit as a lapel button as well as a decoration on a number of jewelry items. Included in the list of 
items now available are: 


AW-1 Lapel Emblem (screw-back) $ 45 AW-8 Shortie Tie Clip (rhodium plated alligator clip)$1.85 
AW-2 Lapel Pin (joint pin & safety catch) 15 AW-9 Money Clip (rhodium plated) 
AW-3 Key Chain (spiral mesh chain and spring-lock AW-10 Cuff Links (rhodium plated disks) ...... 


AW-11 Earrings (screw type) 
AW-5 Zippo Cigarette Lighter (brush finish, boxed)... 3.15 


Willing Water Service Buttons 


The popularity of Willing Water lapel emblems has led to the design of a special button 
for recognition of tenure. The design shown at the left was prepared on the request of the 
Alliance, Ohio, Water Department, which now uses the service buttons. It is now available 
to you, with your company name engraved on it. Minimum order is 25 buttons or pins. On such an order a die charge 
of $17.50 is made for inserting your company name. The pins (with joint pin and safety catch) or buttons (with 
ecrew-back) are priced as follows 


aged ‘ $1.00 10K Gold $5.25 
Sterling 1.50 1iK Gold 6.75 
Gold filled 2.00 


The minimum quantity (25) may be assorted as to Years of service and as to metal used. Please specify clearly the 
sember ef ench type required with pins (for female employees) and with screw backs 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue New York 16, N.Y. 
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Index of Aduertisers’ Products 


Activated Carbo 
Industrial Chemical Sales Div. 
Permutit Co. 


Activated Silica Generators: 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 
American Well Works 
Carborundum Co. 

General Filter Co. 

Permutit Co. 

Walker Process Equipment, Inc. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Worthington Corp. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Process 
Chemicals Dept. 

General Chemical Div. 


Ammonia, Anhydrous: 
General Chemical Div. 
John Wiley Jones Co. 


Ammoniators: 
Proportioneers, Inc. 
Industries, Inc.) 
Wallace & Tiernan Co., Inc. 


(Div., B-I-F 


Ammonium Silicofluoride: 
American Agricultural Chemical Co. 


Brass Goods: 
American Brass Co. 


Hays Mfg. Co. 
Mueller Co. 


Brine-Making Equipment: 
International Salt Co., Inc. 


Calcium Hypochlorite: 
John Wiley Jones Co. 
Olin Mathieson Chemical Corp. 


Carbon Dioxide Generators: 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 


Cement Mortar Lining: 
Centriline Corp 


Chemical Feed Apparatus: 

Graver Water Conditioning Co. 

F. B. Leopold Co. 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Permutit Co. 

Precision Chemical Pump C 

Proportioneers, Inc. (Div., 
Industries, Inc.) 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


Chemists and Engineers: 
(See Professional Services) 


orp. 
B-I-F 


Chlorination Equipment: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Precision Chemical Pump Corp. 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 


(Div., 


Chlorine Comparators: 
Klett Mfg. Co. 

W. A. Taylor & Co. 
Wallace & Tiernan Inc. 


Chlorine, Liquid: 
John Wiley Jones Co. 
Wallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 
James B. Clow & Sons 

Dresser Mfg. Div. 

Ludlow Valve Mfg. Co., Inc. 
Mueller Co. 

A. P. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mig. Div. 


Clamps, Pipe Repair: 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 


Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 


Coagulant Aids: 
Hagan Chemicals & Controls, Inc. 


ELECTRIC 


KLETT SUMMERSON 


PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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High quality water service bronze, 85-5-5-5 mix... 
A full line of types and sizes for every need... 
Plugs individually ground in for perfect fit... 
Every stop individually tested .. . 
Threads interchangeable with those of other 
manufacturers .. . 
Backed by more than 80 years’ experience... 
Conform to all A.W.W.A. standards. 


The same quality is maintained in the complete HAYS line 
of Water Service Products. Send for literature. 


CORPORATION 
STOP 


\ 


MODEL “8” 
COPPER METER SETTERS | CHINE 


DUO-STOP 
CORPORATION STOP 
and 
SADDLE COMBINED 


Increasing sales of 
HAYS quality products 
enables us to enlarge 
our, sales force. Write 
us if you are interested 
in selling for HAYS. 


WATER WORKS PRODUCTS 


HAYS MANUFACTURING CO. 
ERIE, PA. 
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Condensers: 

Alco Products, Inc. 
Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 
Worthington Corp. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

Bailey Meter Co. 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Foxboro Co. 

General Filter Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 


Copper Sheets: 
American Brass Co. 


(Div., 


Copper Sulfate: 
General Chemical Div. 
Tennessee Corp. 


Corrosion Control: 
Alco Products, Inc. 
Calgon Co. 

Industrial Chemicals, Inc. 
Philadelphia Quartz Co. 


Couplings, Flexible: 
DeLaval Steam Turbine Co. 
Dresser Mfg. Div. 


Desalinization Plants: 
Maxim Silencer Co. 


Diaphragms, Pump: 
Dorr-Oliver Inc. 


Engineers and Chemists: 
(See Professional Services) 


Evaporating Equipment: 
Maxim Silencer Co. 


Feedwater Treatment: 
Allis-Chalmers Mfg. Co. 
Calgon Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Industrial Chemicals, Inc. 
Permutit Co. 
Proportioneers, Inc. (Div., 
Industries, Inc. 


Ferric Sulfate: 
Tennessee Corp. 


Materials: Corp 
Anthracite Equipment 
Carborundum Co. 

Dicalite Div. 

General Filter Co. 
Johns-Manville Corp. 
Northern Gravel Co. 
Permutit Co. 

Stuart Corp. 


Filters, incl. Feedwater: 

Dorr-Oliver Inc. 

Graver Water Conditioning Co. 

Permutit Co. 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Roberts Filter Mfg. Co. 

Ross Valve Mfg. Co. 

Filtration Plant Equipment: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chain Belt Co. 

Cochrane Corp. 

Filtration Equipment Corp. 

General Filter €o. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

F. B. Leopold Co. 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Permutit Co. 


B-I-F 
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Roberts Filter Mfg. Co. 
Simplex Valve & Meter Co. 
Stuart Corp. 

Wallace & Tiernan Inc. 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

Hays Mfg. Co. 

Mueller Co. 


Fittings, Tees, Ells, ete.: 
Alco Products, Inc. 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Dresser Mfg. Div. 

M & H Valve & Fittings Co. 
Morgan Steel Products, Inc. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

F. B. Leopold Co. 
Permutit Co. 
Stuart Corp. 


Fluoride Chemicals: 
American Agricultural Chemical Co. 
Tennessee Corp. 


Fluoride Feeders: 
Omega Machine Co. 
Industries, Inc.) 
Proportioneers, Inc. 
Industries, Inc.) 
Wallace & Tiernan Co., Inc. 


(Div., B-I-F 
(Div., B-I-F 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 
Bailey Meter Co. 
Builders-Providence, Inc. 
B-I-F Industries, Inc.) 
Simplex Valve & Meter Co. 
Sparling Meter Co. 
Wallace & Tiernan Inc. 


(Div., 


Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

Bailey Meter Co. 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Foxboro Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 


(Div., 


Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 


Gates, Shear and Sluice: 

— Drainage & Metal Products, 
nc. 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Mueller Co. 

R. D. Wood Co. 


Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Worthington Corp. 
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Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mfg. Co. 

Wallace & Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

Mueller Co. 


Hydrants: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 
M. Greenberg’s Sons 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Hydrogen lon Equipment: 
W. A. Taylor & Co. 
Wallace & Tiernan Inc. 


see Calcium 


Hypochlorite; 
Sodium Hy- 


Hypochlorite; 
pochlorite 


lon Exchange Materials: 
Allis-Chalmers Mfg. Co. 
Chemical Process Co. 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Permutit Co. 

Roberts Filter Mfg. Co. 


Iron, Pig: 
Woodward Iron Co. 


Iron Removal Plants: 
American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Hungerford & Terry, 
Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 


Jointing Materials: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 
Leadite Co., Inc. 


Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Leak Detectors: 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Permutit Co. 

Wallace & Tiernan Inc. 


Magnetic Dipping Needles: 
W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 
Meter Couplingg and Yokes: 


Badger Meter Mfg. Co. 
Dresser Mfg. Div. 
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For Simplicity of Installation, Operation 
and Maintenance, SPECIFY... 


"906 


One meter... 
Application 


CAN BE MOUNTED AS A MANHOLE 
METER OR WELDED SADDLE 


The rugged, dependable Sparling 906 represents a new concept 
for meter installations. The 906 meterhead assembly is mounted 
directly on a standard AWWA flanged “T”’ or flanged manhole 
outlet for immediate operation . . . as a Welded Saddle Meter, 
it’s furnished with a fabricated saddle permitting the meter 
to be mounted easily on an existing steel pipe. Sizes 16 to 72 inches. 


OTHER | Yes! C0 We are interested in increasing our metering efficiency, 


Send us more information ... no obligation, of course. 


| (0 Also send information on Sparling’s line of Water Control 
Equipment. 


OFFICES: 


Atlanta 3 Chicago 4 
Denver 6 Cincinnati 2 
Dallas 1, Texas 
Kansas City 6, Mo. 
Roselle, N. J. 
San Francisco 24 
Seattle 99 Toronto, Can. é 
Romford, England N. ity. 


Monte, C 


j 
7, 
fi 
State.. 
y 
lvd. 
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Ford Meter Box Co. 
— Meter Div., Worthington 


Mueller Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 


Meter Reading and Record 


kes: 
Badger Meter Mfg. Co. 


Testers: 
adger Meter Mfg. 
Meter Box 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div. 


Meters, Domestic: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Calmet Meter Div., 


‘orp. 
Gamon Meter Div., 
Corp. 

Hersey Mfg. Co. 
Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 


Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Bailey Meter Co. 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Foster Eng. Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 


Industrial, Commer- 

clal: 

Badger Meter Mfg. Co. 

Bailey Meter Co. 

Buffalo Meter Co. 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Burgess-Manning Co., Penn In- 
struments Div. 

Calmet Meter Div., 


Co. 


Worthington 
Worthington 


(Div., 


Worthington 


orp. 

Gamon Meter Div., Worthington 
‘orp. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Simplex Valve & Meter Co 

Sparling Meter Co. 


Mixing Equipment: 
Chain Belt Co. 
General Filter Co. 

F. B. Leopold Co. 


Paints: 

Inerto!l Co., Inc 

Koppers Co., Inc 

Plastics & Coal Chemicals Div. 


Pipe, Asbestos-Cement: 
ohns-Manville Corp. 
y & Mattison Co. 

Pipe, Brass: 
American Brass Co. 
Pipe, Cast Iron (and Fittings): 
Alabama Pipe Co. 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
ames B. Clow & Sons 

rinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 
Pipe, Cement Lined: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
ames B. Clow & Sons 


nited States Pipe & Foundry Co. 


R. D. Wood Co 


ADVERTISERS’ PRODUCTS 


Pipe, Concrete: 

ian Concrete Pressure Pipe 
ssn. 

American ¥ = & Construction Co. 

Lock Joint Pipe Co. 

Vulcan Mater: Co. 


Pipe, Copper: 
American Brass 


Pipe, Steel: 
Alco Products, Inc. 
Armco Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 
Morgan Steel Products, Inc. 


Pipe Cleaning Services: 
National Water Main Cleaning Co. 


Pipe Coatings and Linings: 
American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div. 
Reilly Tar & Chemical Corp. 


Pipe Cutters: 

James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Pipe Jointing Materials; 
Jointing Materials 


Pipe Locators: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc 


Plugs, Removable: 
James B. Clow & Sons 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Potassium Permanganate: 
Carus Chemical Co. 


Pressure Regulators: 
Allis-Chalmers Mfg. Co. 

Foster Eng. Co. 

Valve Specialty Co. 
Mueller Co. 

Ross Valve Mfg. Co. 


Pumps, Boiler Feed: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 


Pumps, Chemical Feed: 

Precision Chemical Pump 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 


Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc. 
Peerless Pump Div. 


Pumps, Diaphragm: 
Dorr-Oliver Inc. 

W. S. Rockwell Co. 
Wallace & Tiernan Inc. 


Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., I 


Pumps, Booster: 
Peerless P 
Ross Valve Mfg. Co. 


Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 


DeLaval Steam Turbine Co. 
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Peerless Pump Div. 
C. H. Wheeler Mfg. Co. 


Pumps, Sump: 

DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 


Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Fiese & Firstenberger 
Layne & Bowler, Inc. 
Peerless Pump Div. 


Recorders, Gas Density, CO,, 
NHsg, ete.: 

Permutit Co. 

Wallace & Tiernan Inc. 


Recording Instruments: 

Bailey Meter Co. 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Wallace & Tiernan Inc. 


Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; 
Gages 


Sleeves: see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 
Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 

Sodium Chloride: 
International Salt Co., Inc. 
Sodium Fluoride: 

American Agricultural Chemical Co. 
Sodium Hex taphosphate: 
Calgon Co. 


Sodium Hypochlorite: 
John Wiley Jones Co. 
Wallace & Tiernan Inc. 


(Div., 


Sodium Silicate: 
Philadelphia Quartz Co. 


Sodium Silicofiuoride: 
American Agricultural Chemical Co. 
Tennessee Corp. 

Softeners: 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

jraver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 


Softening Chemicals and Com- 
pounds: 

Calgon Co. 

General Filter Co. 

Industrial Chemicals, 

International Salt Co., 

Permutit Co. 

Tennessee Corp. 


Standpipes, Steel: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co 


Inc. 
Inc. 
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EW 
Advanced 


LEOPOLD 


AWWA 


Rubber Seated 
BUTTERFLY VALVES, 


NEW, 
EXCLUSIVE 


_“UNI-WEDGE” 
SEAT RETENTION 


This unique construction allows seat retain- 
ing pressure to be adjusted externally with 
the valve in place in the pipe line. Only two 
seat retaining screws are utilized which are 
not in contact with the flowing medium, 
minimizing erosion and corrosion of the seat 
retaining mechanism. Eliminates the need 

for numerous small seat retaining screws in- Built in accordance with 

herent in most available valve designs. applicable AWWA specifica- 

tions, Leopold Standard But- 

terfly Valves are available 

for line sizes 4’—48”, with 

a choice of manual or various 

types of automatic operators. 


Write today for 
Bul. No. 5603.58 


B. LEOPOLD COMPANY | 
Pa. 


ae 
4 - a 
ng 
PRESSURE BRASS OF M1 PIPE PLUG 
OUTSIDE OF THE VALV 
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Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 


Steel Plate Construction: 
Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 

Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 


Stops, Curb and Corporation: 
Hays Mfg. Co. 
Mueller Co. 


Storage Tanks: see Tauks 


Strainers, Suction: 
James B. Clow & Sons 
R. D. Wood Co. 


Surface Wash Equipment: 

Vermutit Co. 

Swimming Pool Sterilization: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Omega Machine Co. (Div., B-I-F 
Industries, Inc.) 

Proportioneers, Inc. (Div., B-I-F 
Industries, Inc.) 

Wallace & Tiernan Inc. 


Tanks, Steel: 

Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Hammond Iron Works 

Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 
Tapping-Drilling Machines: 
Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 
Tapping Machines, Corp.: 
Hays Mig. Co. 

Mueller Co. 


Taste and Odor Removal: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

General Filter Co. 

Graver Water Conditioning Co. 

Industrial Chemical Sales Div. 

Permutit Co. 

Proportioneers, Inc. (Div., B-I-F 
industries, Inc.) 

Wallace & Tiernan Inc. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Turbines, Water: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. C 

Trinity & Steel Co. 
R. D. Wood C 


Machines: 
Mueller Co. 
A. P. Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valves, Altitude: 
Golden-Anderson Valve Specialty Co. 
W. 5. Rockwell Co. 

Ross Valve Mfg. Co., Inc 

S. Morgan Smith Co. 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

DeZurik Corp. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

S. Morgan Smith Co. 

R. D. Wood Co 


Valves, Detector Check: 
Hersey Mfg. Co 


Valves, Electrically Operated: 

Builders-Providence, Inc. (Div., 
B-I-F Industries, Inc.) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mig. 

Golden-Anderson V > Specialty Co. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Gate: 

Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Hydraulically Oper- 
(Div., 


Valves, 
ated: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Chapman Valve Mig. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 
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Valves, Large Diameter: 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

R. D. Wood Co. 


Valves, Regulating: 

DeZurik Corp. 

Foster Eng. Co. 

Golden-Anderson Valve Specialty Co. 
Mueller Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co. 

S. Morgan Smith Co. 


Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Venturi Tubes: 

Builders-Providence, Inc. 
B-I-F Industries, Inc.) 

Simplex Valve & Meter Co. 


(Div., 


Waterproofing: 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div. 


Water Softening Plants; see 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Apparatus: 
LaMotte Chem. Products Co. 
W. A. Taylor & Co. 

Wallace & Tiernan Inc. 


Water Treatment Plants: 
American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 
Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Hammond Iron Works 
Hungerford & Terry, Inc. 
Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 
Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 
Wallace & Tiernan Inc. 


Well Drilling Contractors: 
Layne & Bowler, Inc. 
Wrenches, Ratchet: 

Dresser Mfg. Div. 


Zeolite: see tion 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1957 AWWA Directory. 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 

eight inch main whose inside diameter was reduced to an average 
of almost. 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street °* New York, N.Y, 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bidg., Minneapolis 1, Minn.; 510 Standard Oil Bidg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru 


Call Ma alu 
| * 
: 
“a 
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io ROCKWELL MFG.co. 


se 


There’s Visibility Unlimited in 


ROCKWELL 
Séakd Legister 
METERS 


You can’t miss getting a quick, accurate read- 
ing from any Rockwell Sealed Register meter. 
A row of bold figures looks you straight in 
the eye through a window that never be- 
comes dirty or fogged. In fact you can even 
run this meter under water. That’s because 
the register and all the reduction gears are 
hermetically sealed to stay clean, dry and free 
of condensation. 

With Rockwell Sealed Register meters you'll 
never again be called upon to service leaky 
or bound stuffing boxes for there are none. A 
powerful magnetic drive couples the measur- 
ing chamber to the register without mechani- 
cal linkage or seals. And in this revolutionary 
meter there are only two moving parts operat- 
ing in water. Truly, the Rockwell Sealed Reg- 
ister meter is the least vulnerable to wear or 
corrosion—the smoothest running and most 
accurate. Write for catalog. Rockwell Manu- 
facturing Co., Pittsburgh 8, Pa. 


SEALED REGISTER METERS 


another fine product by 


ROCKWELL 


You can’t miss! 
CUBIC FEET 16, | : 
| 
| 
42 
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The solution to this problem is always the same . . . but 
Water Treatment Problems are different 


No two water treatment problems are exactly alike. The right solution to each 
can only be arrived at after a careful study of the local conditions. Variables such 
as raw water composition, rate of flow and results required automatically rule out 
the cure-all approach. The installation shown below is a good example of how 


equipment should be selected to fit the job . . . and not vice versa. 


Close up of PeriFilter System taken while bockwash- 
ing right side of filter. Left side of filter remains in 
operation. 


Fountain City 


TENNESSEE 
PeriFilter System employs split 
filter for continuous operation 


Consulting Engineers: Polk, Powell and Hendon, 
Birmingham, Alabama 


Producing 1.0 MGD of finished water from limestone the opposite half of the filter. The results at 


springs at Fountain City, this Dorrco PeriFilter Fountain City have been uniformly excellent with 


System consists of a single 30’ dia. Hydro-Treator an average turbidity in the filtered water of less 


surrounded by an annular rapid sand filter. To main 
tain continuous operation, the filter is split by a par 
tition plate and backwashed one half at a time 
During backwashing, Hydro-Treator effluent over- 
flows into the inner launder and is distributed to 


than 0.3 ppm 

For more information on the complete line of D-O 
equipment for the water works industry write for a 
copy of Bulletin No. 9041. Dorr-Oliver Incorporated, 
Stamford, Connecticut 


Hydro-Treator, PeriFilter, TM. Reg U.S. Pot OF 


Every day over 8'% billion gallons of water are treated by Dorr-Oliver equipment 


| 
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Jointed for ... 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 


Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 


durable joint,—-but that it improves with age. 


The pioneer self-caulking material fer c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 


Frade Mot Regitvered UU. 5. Pat, Office 
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